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I. INTRODUCTION 

Although many investigations have been published on the ecology 
of the phytoplankton in lakes , and many but relatively fever on the 
phytoplankton in rivers, there seems to be little information on the 
algal flora in regions where a river enters a large lake. The river 
mouth-inshore area of a lake is interesting for a biological study 
particularly in view of our present concern about the man-induced, 
accelerated eutrophi cation of waters. Rivers flowing through heavily 
populated regions, and areas of intensive agriculture or industry, 
contain high concentrations of plant nutrients. They often contain also 
various other chemical compounds' which either may be harmful for the 
aquatic organisms or which at best favor the development of undesirable, 
"weed" species. Rivers discharging into large oligotrophic lakes may 
modify considerably the chemical character of the adjacent inshore lake 
waters. The relatively shallow river mouth-inshore lake areas are also 
subjected to more rapid changes of temperature compared with the large 
water masses of the open lakes. Strong wind and current action may 
bring about uniform distribution of nutrients providing an ideal 
environment for phytoplankton growth. One may expect, then, that the 
specific physico-chemical conditions of such areas have a pronounced 
effect on the types and quantity of the phytoplankton as well as on 
their spatial and temporal distribution. 

In recent years it has been apparent that Lake Michigan and the 
other Great Lakes, particularly Lake Erie and Lake Ontario, are becoming 
increasingly eutrophied. Chemical changes, and changes in the species 
composition of the bottom fauna and ichthyofauna, have been accompanied 
by significant quantitative and qualitative changes in the phytoplankton. 
Damann (i960 ) has documented the increase in standing crops of phyto- 
plankton in Lake Michigan near Chicago over the period from 1926 to 
1958. Similarly, long term increases in the quantities of the plankton 
flora have been demonstrated for Lake Erie (Davis, 196U, 1965) and 
Lake Ontario (Schenk and Thompson, 1965)* Considerable qualitative 
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changes in the photoplankton of Lake Michigan were documented "by 
Stoermer (1967), Stoermer and Yang {19®, 1970) and Holland (1969). 
Even more drastic long terra alterations in the species composition of 
algae were found in Lake Erie (Hohn, 1969). According to Stoermer and 
Yang (1970) qualitative changes in the diatom flora of Lake Michigan 
are especially evident in the inshore areas and bays . The relative 
abundance of oligotrophic species has decreased, and diatoms favored 
tjy eutrophic conditions are becoming increasingly abundant both in 
the numbers of species and in quantities. Many new species character- 
istic of polluted areas elsewhere have been introduced into the Lake — 
they are most abundant in harbors, but appear as well in the plankton 
of the open waters. It is known also that the inshore areas of Lake 
Michigan are frequently the scene of high algal blooms (Stoermer, 1968). 

Algal blooms are also common in rivers. High numbers of phyto- 
plankton in various rivers of North America were reported by Williams 
and Scott (1962), Palmer (196*0 and Martin and Weinberger (1966). In 
fact, according to Palmer (196*0 > comparison of phytoplankton counts 
from various rivers in the United States with those from several 
American lakes—including the Great Lakes — showed that during the 
period 1957-1960 the percentage of algal counts above 1000 cells /ml was 
much higher for the rivers than for the lakes. Large quantities of 
planktonic algae with maxima on the order of 1*0000 to 67OOO cells /ml 
were observed also in several European rivers (Swale, 196** and 19&9; 
Lack, 1971). 

A few investigations of the Great Lakes flora included the outlets 
of entering rivers. Common to these studies were the observations of 
high quantities of phytoplankton in the inshore lake waters adjacent 
to the mouths of tributaries « This has been found In Lake Michigan 
at the outlet of the Grand River (Stoermer, 1968), in the western 
end of Lake Erie close to the mouth of the Detroit River (Vaughan 
and Harlow, 1965, Wujek, 1967; Michalski, 1968) and in the Lake 
Ontario's Bay of Quinte, in the vicinity of the Trent Canal (McCombie, 
1967). The inshore lake waters were found to support higher quantities 
of algae than the river mouths; this might have been a coincidence, 
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but quite likely it was due to the type of area or to the season 
chosen for the studies. [For example, the Detroit River which 
receives waters from the oligotrophia Lake Huron is known to have 
relatively small algal populations (Michigan Water Resources 
Commission, 1970), the Bay of Quinte resembles a large river, and 
during the winter-early spring season one may expect little phyto- 
plankton growth in most rivers (Hynes, 1970)], The floras of the 
river mouths and the adjacent lake waters were dominated by phyto- 
plankters typical of eutrophic conditions. However, the principal 
species in these two environments were not always the same (Stoermer, 
19®; Michalski, 1968). This suggests that different environmental 
factors played an important role in influencing the phytoplankton 
populations in the river and in the lake. Both the abundant growth of 
phytoplankton in those areas and the predominance of algae favored by 
eutrophic conditions were attributed to the nutrient enrichment caused 
by the inflow of rivers. Apparently, however, the responses of 
phytoplankton to nutrient enrichment may be only in the form of 
increased productivity, and not necessarily in the form of qualitative 
changes (Parsons, Stephens and Takahashi, 1972; Stoermer, Schelske, 
Santiago and Feldt, 1972). As observed by Stoermer et al. (1972), 
who studied phytoplankton in the Grand Traverse Bay, the phytoplankton 
assemblages there were very similar qualitatively in various parts of 
the bay receiving different nutrient loadings; they were characterized 
by diatoms typical of oligotrophia and eury topic conditions with small 
relative abundance of forms tolerant of pollution. However, highest 
standing crops of algae and highest rates of primary productivity were 
found in the vicinity of the Boardman River, which drains agricultural 
areas. The authors speculated that significant alterations in the 
species compositions of phytoplankton may be related to changes in 
conservative element balance, or to other factors associated with 
chemical pollution, and it is likely that phytoplankton assemblages 
"are able to accommodate nutrient enrichment without significant 
qualitative change up to some threshold value." Only when this 
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threshold value has been exceeded may considerable changes in the 
species composition occur. As an example, they point out the results 
of another study (in Lake Michigan, in the vicinity of the Grand River— 
Schelske and Stoermer, 1971) in which it vas shown that sufficient inputs 
of phosphorus may cause depletion of silica, with a resultant elimination 
of diatoms in favor of other algae which do not require silica. 

lhe influence of physical factors on abundant phytoplankton 
growth in lake areas adjacent to the river mouths has been also 
considered. The development of a thermal bar during the spring 
warming in April of 1967 (Noble and Anderson, 1968) at the time of 
Stoermer's sampling (1968) provided most likely a temporary nutrient 
,, trap w in the inshore waters of Lake Michigan, thus creating favorable 
conditions for algal growth. Vaughan and Harlow (1965) and McCombie 
(1967) observed that the rich development of algae in the western end 
of Lake Erie and in the Bay of Quinte was due largely to the shallowness 
of these areas, which, coupled with strong current action, enabled 
good mixing and uniform distribution of nutrients . 

In these studies of the river mouth-inshore lake areas, valuable 
information was gained about the types of response of phytoplankton 
to the nutrient enrichment caused by inflowing rivers . A variety of 
environmental conditions exists in various inshore parts of the Great 
Lakes receiving different nutrient loadings , and yet relatively little 
is known about the qualitative and quantitative aspects of the algal 
flora, about the seasonal variations of phytoplankton and the relations 
of algae to various environmental factors. Little is known also about 
the ecology of planktonic algae in rivers entering the Great Lakes. 

Qhe Grand River, whose mouth region was chosen as the area of 
the present stu$y, contains high concentrations of various chemical 
constituents including phytoplankton nutrients (Ayers, 1970). !Ihe 
results of a limnological survey of the lower river and its plume 
(Ayers and Rossrnann, 1967) suggested that the Grand River might be 
eutrophied to a hi^ier degree than the adjacent lake. The study 
reported here was undertaken in order to obtain qualitative and 
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quantitative information of phytoplankton populations — particularly 
of the diatoms — in relation to various chemical and physical factors, 
lhe purposes were also: 

1. to determine, at monthly intervals, the differences between 
the phytoplankton compositions in the river, in the mixing area of the 
river with the lake, and in the inshore lake waters, 

2. to ascertain the seasonal periodicity of total phytoplankton, 
diatoms and the dominant diatom species , 

3. to obtain information about the autecology of a few major 
diatom species , and 

1». to single out the more significant environmental factors 
influencing numerical abundances of the phytoplankton in the stuxty areas. 



II. THE STUDY AREA— THE GRAND RIVER MOUTH AREA OF LAKE MICHIGAN 

Figures la through li shov the positions of the sampling stations. 
A permanent river station (subsequently called "PP") vas located in the 
Grand River beside the Grand Haven Municipal Power Plant, about 2 km 
upstream from the outlet of the river into Lake Michigan (Fig. Id). 
Stations varying in location with river plume position were situated in 
the center of the river plume (later called "middle of the plume" and 
"MP") and at the edge of the river plume (called "edge of the plume" and 
W EP W ). !Ihese stations were chosen according to the location of the 
colored water plume of the river and with consideration of the wind at 
the sampling time and on the preceding days. Stations in the inshore 
lake water (called "LAKE") were chosen in the direction of the river 
plume, but well lakeward of the colored river plume., A permanent river 
station opposite the U. S. Corps of Engineers dock in the lower river was 
used for chemical analysis to check whether there was inflow of lake 
vater on the sampling day. None was found. 



III. MATERIALS AND METHODS 
A. Field Work 

All of the field work was conducted in the fall of 1968 (September, 
October, November) and in the spring and summer of 1969 (March, April, 
May, June, July and August). Samples were collected monthly from three 
University of Michigan research vessels: the R/V MYSIS, the R/V INLAND 
SEAS, and in March of 1969 from a University 19- foot outboard motor 
cruiser. 

Physical measurements at the sampling stations included: surface 
vater temperature and vertical temperature profile in the water column 
by bathythermograph, light intensity measurements at 1 m intervals made 
vith the Submarine Photometer No. 268 WA 300, turbidity by the Hellige 



Turbidometer, Secchi disc transparency and water color estimated over 
the 20 centimeter vhite Secchi disc. Additional physical data such 
as wind direction and velocity, wave height estimates and weather 
conditions were also recorded. 

Sampling depths in well-mixed water were at 1 m below the surface 
and at 0.6 m above the bottom; during the summer stratified period 
samples were also taken above the thermocline, in the middle of the 
thermocline, and below the thermocline. 

Fhytoplankton samples were taken by Nansen bottle. The 1-liter 
samples were immediately fixed for preservation with an I -Kl-acetate 
mixture (Stoermer and Kopczynska, 19^7 ). 

Field chemistry tests for , CO , pH and alkalinity were done 

2 2 

with a HACH field kit from Nansen bottle samples. The EACH methods 
(HACH DR-EL, methods manual, 6th edition) employ both colortmetric and 
titrimetric procedures. A modified Azide-Vinkler nethod was used for 
the dissolved oxygen analysis. Titrimetric methods were used for the 
determination of total alkalinity and carbon dioxide, pH was determined 
colorimetrically with a Wide Range Indicator using a ho8k color filter. 

Water samples were prepared for later chemical analyses by 
filtration through 0.8 millipore filters, freezing and subsequent 
storage in a refrigerator. 

B. Laboratory Work 

i* Chemical Analyses 

After thawing in the laboratory the filtered water samples were 
analyzed immediately for reactive orthophosphate phosphorus according 
to the combined method of Murphy and Riley (1962) and Stephens (1963) 
as described in Schelske and Callender (1970 ). Analyses for nitrate 
nitrogen, nitrite nitrogen, silica, chloride and sulfate were by the 
HACH kit. A Cadmium Reduction Method (Modified Diazotization 
[l-Naphthylamine-Sulfanilic Acid] Method) was used to determine both 
nitrate and nitrite nitrogen. Nitrite nitrogen was obtained by a 



Diazotization Method. Nitrate nitrogen value was determined by 
subtracting the nitrite nitrogen value from the first nitrogen test, 
Silicon as SiO l was determined colorimetrically by a Heteropoly Blue 

2 

Method, chloride was found titrimetri cally by a Mercuric Nitrate 
Method and sulfate was obtained by a Turbidimetric Method. 

2. Phytoplankton Analyses 

In the laboratory the preserved phytoplankton collections were 
concentrated to 100 ml in graduated cylinders and stored in amber glass 
bottles. Subsequently each sample was allowed to settle for 2k hours 
in a 20-ml Ultermohl-type chamber and was examined with a Zeiss inverted 
microscope at 800X magnification. The algae were identified and counted 
along four transects marked across the settling chamber. !Bie counts 
were converted into numbers of units in 1 ml of water. Solitary cells 
of diatoms, flagellates, Chrysophyta and Fyrrophyta were considered as a 
unit. This was also the case with certain species of the green algae such 
as those of the genera Ankistrodesmus » Tetraedron or Lagerheimia ; in most 
cases, however, solitary colonies of the greens as well as colonies or 
filaments of all the blue greens were treated as a unit. 

Because of high amounts of detritus present in the samples, many 
diatoms and especially the small centrics could not be identified to 
species under the inverted microscope. For this reason 1*0 ml subsamples 
of phytoplankton were cleaned chemically according to the method of 
Patrick and Reimer (1966) and permanent slides of diatoms were prepared 
for an exact species identification. The slides were thoroughly examined 
under oil immersion on the Leitz microscope at 1250X magnification; in 
cases of high density at least 20 "rows" were considered. The diatom 
species present were marked as very common, common or rare, the centrics 
were counted (500 cells per slide), the percent composition of the 
constituent centric diatom species was calculated and related to the 
numbers of cells in 1 ml. 



1. Silicon as silica in crystalline or amorphous form constitutes 
the major building material of diatom walls (see Lund, I965). 



Over 500 taxa of diatoms and about 200 taxa of other algae were 
observed in the present study* (Tables 1 through **). Diatoms designated 
with numbers are those earlier reported from Lake Michigan by Stoermer 
and Tang (I969); they have not been identified with any known species. 
A few other taxa — probably new diatom records — are noted also in this 
study. 

In all subsequent discussion, figures and tables referred to are 
in Volume II, where they may be followed side -by-side with the text. 



IV. MONTHLY VARIATIONS IN PHYSICAL-CHEMICAL CONDITIONS AND IN 
PHYTOPLANKTON COMPOSITIONS 

A. September 26, 1963 

i* Phy s i cal-Chemi cal Data 

On the sampling day, and during several days preceding sampling, 
the river plume vas f loving south. Figure la shows the positions of 
September stations, and Table 5a(l) sir-r-arizes the physical data. 

Hie surface water temperature varied from 19-8°C in the river 
(PP) to 18.9°C at Lake 5- At Lake 1 station, located 1.6 km vest from 
the piers, and not in the direction of the plume, :lt vas 19.T°C. 

The Secchi disc transparency increased from 0. 7 m at PP to ^.5 m 
at Lake 1. 

The smallest amount (0.82?) of surface light at disc depth 
(2.5 m) vas noted at Lake 5 station, vhere the water vas almost as dirty 
as in the river and the plume area. !Ihe Eaxinum 27-77 percent 
corresponded vith a Secchi depth of fc.5 e at Lake 1, the only station 
vhere the vater vas clean. Calculations indicated that the waters at 
station MP contained U6% and at station EP 11% of river vater. 1 

Table 5a(2) presents the average chemical results. The maximum 
values of alkalinity, chloride, sulfate, nutrients and turbidity vere 
observed in the river. The loves t values vere found either at Lake 1 
station or at EP (e.g., nitrate nitrogen, orthophosphate). . The results 
at Lake 5 vere generally slightly higher than either those at EP or 
Lake 1. The minimum average value of dissolved oxygen (7.5 ppm) vas 
found in the river — it could be attributed to a high amount of decom- 
posing organic matter in the eutrophied river vater. Especially 
notevorthy vas the drastic decrease of phosphate from the river (72.25 
ppb) to the MP (9.35 ppb), EP (li.05 ppb) and lake stations (ave. k.36 
ppb), vhile the average concentrations of silica vere very similar at 
each station (slightly above 0.60 ppm at PP, MP, EP and 0.53 ppm at 



Percent of river vater vas calculated on the basis of values for 
chloride and sulfate, by the method of Ayers and Rossmann (1967). 
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Lake l). Generally, there were small surface to bottom variations, or 
uniform vertical distributions of individual values of any of the 
eleven chemical parameters. The measurements are given in Tables 6a to 
6k, (September 1968). 

2, Phytopl ankton Data 

Figures 2a and 2b illustrate the difference in counts of total 
phytoplankton and major phytoplankton groups between the river, middle 
plume, edge of the plume and lake stations. The 2*esults are expressed 
as thousands of phytoplankton units in 1 ml of sample. The maximum 
counts of total phytoplankton were found at the surf ace of PP and MP 
stations, 16163 and 10010 units /ml, respectively. The third highest 
number, 6h6l units /ml, was recorded from the bottom sample of MP 
station. The smallest counts were found at Lake 1 station with the 
average of 65h units/ml. 

Comparison of Figures 2a, 2b with Figs. 2c, 2d and Tables 6e, 
*tg^ shows that the total phytoplankton, diatoms and greens maxima 
as observed in the river and middle plume corresponded generally with 
the highest orthophosphate and nitrate values found in September, and 
on the other hand, with silica values very similar to those found at 
stations where the phytoplankton concentrations were much smaller 
(EP, Lake 5). Ohe minimum total phytoplankton and diatom counts from 
Lake 1, especially those from the surface (diatoms - 395 cells /ml) and 
10 meters depth (diatoms - 3^3 cells /ml), corresponded with very low 
silica values, 0.32 ppm at 1 meter and 0.52 ppm at 10 meters. The 
phosphate concentrations at this station were minute, about h ppb, 
however similar to those at stations EP and Lake 5 where much higher 
phytoplankton counts were found compared to these at Lake 1. It seems 
that the drop of silica content in the water limited diatom populations 
found at Lake 1. Pearsall (1932) and Lund (1950 ) suggested that diatoms 
cannot multiply to any marked extent when silica concentration falls 
to approxinately 0.5 mg/l. Lake 5 total phytoplankton and diatom counts, 
much higher than at EP and Lake 1, corresponded with average nutrient 
values higher than at EP and average silica value of 0.62 ppm, higher 
than at Lake 1. 



-12- 



i- Baclllari ophyta 

In all September samples, except those from Lake 1, diatoms 
comprised at least 81* percent of total phytoplankton. At Lake 1 they 
constituted about 6f percent of the total. 3he diatom maxima 
corresponded with the maxima of total phytoplankton . The highest 
numbers of cells per ml, 11*018 and 8960, were recorded from the surface 
at PP and MP stations. Diatoms, cell counts, and the relative 
abundance of diatoms in total phytoplankton are presented in Tables 1 
and 2 (September data). 

At all stations, centric diatoms, and within these just a few 
dominant species comprised the majority of total diatom populations. 
Cyclotella meneghiniana v. plana , Melosira granulat a v. angustlssima 
and M. gran ul at a occurred in particularly high concentrations, 
especially in the river, middle plume and at Lake 5. Bie maximum counts 
for these species were: for £. meneghiniana v. plana 7970 cells /ml and 
for M. granulata 1U56 cells /ml at the surface in the river, for 
M. granulata v. angustissima 3378 cells /ml at the surface of the middle 
plume. Several other species were present in abundance, often above 
50 cells /ml, with the concentrations usually sharply decreasing from 
the river toward the lake. Only at station Lake 5 were the populations 
higher than those at EP or Lake 1. 

Stephanodiscus subtilis and S, tenuis were found in the river in 
average concentrations of above 200 cells /ml. At the remaining stations 
their numbers were generally much below 50 cells /ml with one exception 
vhen S. subtilis was present at the surface of the middle plume station 
in large quantities (203 cells /ml). 

jS. hantzschii % S . alpinus , Cyclotella stelligera and C. ocellata 
occurred at the surface in the river in numbers of above 50 cells /ml 
(the count for C. stelligera was 173 cells/ml). At other stations their 
concentrations were much smaller, and £. ocellata was only present at 
the MP and Lake 1 stations. 

Rather large populations of £. michiganiana were found at each 
station, with the highest counts of 158 and ll*8 cells /ml at the surface 
of Lake 5 and MP. The lowest numbers of this species, with an average 
of ca. U0 cells/ml occurred at both the river and Lake 1 stations. 
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Especially noteworthy was the presence of C oscinodiscus subsalsa 
in almost all samples, Ihis species is characteristic of highly 
eutrophied waters and recently became one of the dominant phytoplankters 
in Lake Erie (Hohn, 1969 ). Ihe highest count of this species, 
55 cells/ml, was found at the surface in the river,, the lowest, 1 cell/ml, 
at the bottom of Lake 1. 

Altogether, 182 diatom taxa were included in September counts 
(Table 2 and Table Ugl). The highest variety of taxa, 121, was observed 
in the middle plume samples, the smallest, 66 % in samples from Lake 1. 
The genera Nitzschia , Navicula and family Fragilariaceae were 
represented by the highest number of species. They are pennate 
diatoms, which mostly contributed to the total quantities of diatoms. 
With few exceptions (e.g., gvnedra , Tabellaria fenestrata and Aster 10- 
nella formosa ) they were found in largest abundance? in the middle plume, 
with the average concentrations for each group, ca. 100 cells /ml, 
decreasing toward both the river and lake. 

Within the genus Nitzschia, N. palea , and two entities designated 
as Nitzschia sp #2 and Nitzschia sp "B" were found commonly in the. river. 
N. palea and also N. dissipata were present in almost all September 
samples, but most of the time in low quantities. 

Among species belonging to the genus Navicul a, N. latens , 
IL- decussis * N. costulata , N. pupula v. mutata and Navicula sp. "A" 
were found most commonly, especially in the river plume area (MP, EP) 
and at Lake 5. Species N. crypto cephala v. intermedia and N. tripunctata 
vere common in the river. 

Fragilaria crotonensis occurred in the middle plume in average 
concentrations above 100 cells/ml. Its average numbers in the river, 
the plume edge and both lake stations were usually below 50 cells/ml. 
Other members of the genus as F. construens , F. pinnata and F. intermedia 
were very common in the middle plume, less common in the river, the 
edge of the plume and at Lake 5, and practically absent from Lake 1. 

Among members of genus Synedra (maximum tot a], count: 82 cells /ml 
at surface, PP) £[. ulna and S. ulna v. chase an a were found in almost 
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all samples, however £. ulna vas present in much higher abundance, 
mainly in the river and the middle plume. Synedra parasitica v. 
subconstricta vas common or quite common at MP , EI* and Lake 5 and 
S. delicatissima vas common in the river. 

Tabellaria fenestrata vas very common in lake vater vith the 
highest counts of 25 and 27 cells /ml at 1 and 10 meters of Lake 1. 
Ihe numbers decreased tovard the river, vhere only 1 c/ml vas noted. 

Asterionella formosa vas most common at the surface of Lake 5 
(26 cells/ml), vith the counts decreasing tovard the river (2 cells/ml). 

In addition to the phytoplankters discussed above, the following 
species vere commonly found: in the river alone - Achnanthes exigua , 
A. lanceolata and Amphora oval is v. pedi cuius . 

In both the river and the middle plume Achnanthes lanceolata 
v - dubia » A. clevei v. rostrata, Cocconeis pedi cuius and £. placentula 
v- euglypta vere common. 

In the middle plume, edge of plume and Lake 5 stations - Amphora 
neglecta and A. subcostulata vere common. 

k. Chlorophyta 

Green algae made up betveen U.88 percent (Lake l) and 9«3^ 
percent (PP.) of total phytoplankton in the September samples. The 
average numbers in 1 ml (Table 3) as veil as the diversity of species 
(Table k) decreased from the river tovard the lake., The maximum total 
count recorded at the surface in the river vas 150S> cells and colonies 
in 1 ml. The minimum numbers of units per ml., ave„ 1*3 9 vere found 
in samples from Lake 1. 

Two genera. Scene desmus and Oocystis. vere found in highest 
abundance and vere represented by more species than, other genera. 
Members of genus Scenedesmus » j3. abundans , S_. quadricauda , and its 
variety S. quadricauda v. vestii , £[. dimorphus , S. incrassatulus and 
±L* acutiformis occurred in large quantities in the river and middle 
plume and vere present in almost all samples. Three highest counts 
recorded vere: for S. abundans and S. quadricauda 189 and 152 colonies/ml 
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at the surface of FP, and for £. dimorphus 68 colonies /ml at the bottom 
of PP. The lowest numbers of genus Scene desmus ± 1 col/ml were found 
at Lake 1. 

Quantitatively, the genus Oocystis was mainly represented by 
0. solitaria and 0. borgei » species found in all September samples, and 
most abundant in the river and the middle plume. 0. solitaria occurred 
in maximum numbers of 130 col/ml at the surface in the river, and 
£• Porgei in numbers of 30 col/ml at the bottom in the river. Counts 
of these two species at both lake stations varied from 1-19 col/ml. 

Several other species of different genera occurred in large 
abundance in the river. They were present in almost all other samples, 
but their numbers were fewer, definitely decreasing toward the lake, with 
the minimum and often zero counts observed at Lake 1. Among them 
Ankistrodesmus falcatus was found in abundance of 183 cells /ml at the 
surface in the river, She highest counts of Actinastrum hantzschii , 
Dimorphococcus lunatus » Dictyospherium pulchellum , Coelastrum microponmu 
and of Pediastrun duplex ranged from 28 to hh col/ml. 

5.. Cyanophyta 

Among the blue-greens only Phormidium spp. , Aphanocapsa spp. , 
and Chroococcus limeticus occurred in relatively high quantities in the 
September collections. Phormidium spp. were very numerous at the surface 
in the river, 109 filaments/ml, but absent from the bottom. They were 
also found very commonly (l8 - 35 fil/ml) in the middle plume and at 
I*ake 5. Aphanocapsa spp. were absent from the river, common at MP and 
EP, and very common at both lake stations, with the highest count of 
kl col/ml found at the surface of Lake 5 . Chroococcus limneticus 
occurred most numerously at Lake 1 with a maximum of 21 col/ml at the 
surface. 

6. Chrysophyta 

Dinobryon diver^ens and Dinobryon bavaricum vere found in high 
quantities at the MP, EP and Lake 5 stations, especially at the bottom. 
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The maximum counts vere: for D. diver pens 82 cells /ml and for 
D. bavari cum 39 cells /ml from bottom samples of Lake 5. These two 
representatives of Chrysophyta were absent from the surface of PP 
and MP stations and also from the bottom of Lake 1. 

i* ffyrrophyta 

Several species of the genus Peri din ium were found very 
commonly in practically all collections, with the maximum counts in 
the river, the middle plume and at Lake 5- 2ne highest number of 
cells, bl/xnl, occurred at the bottom of the MP station. 

JL- Flagellates 

Chlamydomonas sp. and Crypt onon as sp. were present in large 
abundance in September, although Chlarydoinonas was conspicuously 
absent from the river. The maximum populations of both species were 
found at the surface, with the exception of station Lake 1 where the 
highest numbers occurred at the bottom. The two msiximum counts of 
Chlamydomonas , 139 and 137 cells /ml were recorded from the surface of 
MP and the bottom of Lake 1. She highest count of Cryptomonas , 
39 fc cells /ml, was found at the surface in the river. 

Euglena spp. (max. 37 cells/ml) and Pteromonas spp. (max. 36 
cells /ml) were very common in the river and middle plume. 
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B. October 15, 1968 

i« Physi cal-Cheini cal Data 

Figure lb shows the contours of the river plume on the sampling 
day, ana the location of stations. During several days preceding 
sampling, the plume was flowing north under the influence of a SSW wind. 
At the sampling time it was turning TIE onto the beach. 

Table 5b (l) presents the physical data. The surface water 
temperature rose from l6°C in the river to l6.9°C at the edge of the 
plume. At each station the surface temperature readings were only 
slightly higher (0.1 - 0.5°C) than those at the bottom (Table 6£). 

Secchi disc transparencies increased from 0.8 m in the river 
to ljjm in the lake. The amount of surface light at Secchi depth 
varied from 1.98 percent (MP) to 3.22 percent (PP). 

According to calculations the waters at station MP contained 
2B% of river water, and at station EP — 13#. 

Hie average chemical results obtained at the October stations are 
shown in Table 5b (2). With the exception of dissolved oxygen content 
(max. 7-5 ppm» Lake), there was a general decrease of chemical values 
from the river toward the lake. Bie decrease was sharp at first from 
the river to the middle plume and then more gradual toward the edge 
of the plume and lake. Particularly interesting were the differences 
between stations in the results of nutrients and silica (see also 
Fig. 3c,d)e The values of nitrates at the middle plume were about 
twice as small as those in the river, the silica concentrations decreased 
hy the factor of three and the amounts of orthophosphate by a factor 
of four. While the further decrease of nitrate and silica from MP to 
EP and Lake was gradual, the decrease of values of phosphate from 
the middle plume to the edge of the plume was of the same order as 
the decrease from station PP to MP. Somewhat higher than at the edge 
of the plume, average phosphate values from the lake station were caused 
by relatively high individual surface values. 
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Generally, the surface and "bottom results of individual chemicals 
(Tables 6a-6k) were very much alike if not identical, only oxygen, and 
orthophosphate values showed more pronounced variations with depth. 

2. Phytoplankton Data 

Figures 3a and 3b illustrate the cell counts in 1 ml of total 
phytoplankton and of major phytoplankton groups as they decrease from 
the river toward the lake. The average total phytoplankton and diatom 
concentrations at each station decreased over twice in comparison with 
every preceding station. (Compare also with Figs. 3c and 3d showing 
the decrease of average nutrient and silica values.) The surface and 
bottom phytoplankton abundances within both the MP and Lake stations 
were of similar sizes, while in the river and edge of the plume the 
vertical differences in phytoplankton numbers were somewhat more 
pronounced. The highest total phytoplankton counts recorded were: 
17195 and 1 1*720 units /ml, from the surface and bottom in the river. 
She two smallest counts found at the Lake station were 95** and 1091 
units /ml, at the surface and bottom, respectively. 

i* Bacillariophyta 

Diatoms made up between 6U. 18 percent a;.d 89. 6l percent of total 
phytoplankton in the October samples. The total counts (Table l) 
ranged from 659 cells /ml (at the surface, in the lake) to 15269 cells /ml 
(at the surface, in the river). As in September, the Centrales, and 
first of all Qyclotella menefthiniana v. plana , Melosira granulata v. 
angustissima and M. granulata comprised either the major portion (at 
stations PP, MP, EP) or a very high portion (in the lake) of the total 
diatom and total phytoplankton populations. The maximum counts reported 
tor these three species were respectively: 8628 cells /ml at the bottom 
in the river, 31*6*5 cells /ml and 1339 cells /ml at the surface in the 
river. The minimum quantities of these species, strikingly small, as 
compared with the numbers in the river, were found in the lake; the 
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average lake populations of M. ftranulata v. angustissiroa (8l cells /ml) 
were higher than those of M. granulata (75 cells/ml) and much higier 
than those of C, meneghiniana v. plana (36 cells /ml). 

The highest numbers of other most abundant centric diatoms as 
Stephano discus subtilis (max. 56l cells /ml), S^. tenuis (max. 1*11 cells/ml), 
IL- astrea (max. 280 cells/ml) and Coscinodiscus subsalsa (max. 9^ cells/ml) 
vere found at the surface in the river. Iheir smallest quantities 
(1-3 cells /ml), except for 23. subtilis , were noted at the surface in 
the lake. Stephanodiscus subtilis was absent from the lake collections, 
and the minimum numbers, 20 cells /ml, were observed at the surface in 
the edge of the plume. 

gyclotella stelligera was present in the river with a maximum of 
237 cells /ml found at the bottom. The average populations decreased 
toward the lake, where only h cells /ml was noted. 

QVo species, Cvclotella michiganiana and Stephanodis cus alpinus 
occurred in very high quantities in the mixing water area (MP, EP). 
The former species was absent from the river, and the latter was present 
there only at the surface (kO cells /ml). A maximum of C. michiganiana , 
236 cells /ml, was noted at the bottom in the middle plume. Its surface 
and bottom populations within the EP (ave. 109 cells; /ml) and Lake 
stations (ave. k2 cells /ml) were nearly uniform. The counts of S. alpinus 
ranged from 5 cells/ml at the bottom in the lake to 121 cells/ml at 
the bottom in the middle plume. 

Several other representatives of the Centrales were found very 
commonly, either in the plume area (MP, EP) or in the river. Bieir 
maximum counts were lower than 1»5 cells /ml. 

Absent from the river and present in highest quantities at the 
middle plume or edge of the plume were: Cyclotella comta (max. 1*3 
cells /ml at the surface of MP), £. kutzinftiana (mas: 27 cells /ml at 
the surface of both MP and EP stations), and C. ocellata (max 21 
cells /ml at the bottom of MP). The lowest numbers (1-7 cells /ml) 
of these three species were noted in the lake. 
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Melosira varians and Stephanodis cus hantzschi i were very 
common in the river, with maximum numbers of 32 and k6 cells /ml, 
observed at the bottom. The former species was absent from the 
lake collections, and its quantities at the middle plume and edge 
of the plume ranged from h - 15 cells/ml. Hie numbers of 
§• hantzschii at MP, EP and Lake were much lower than in the river 
(3-6 cells /ml). 

Pennales were found in nicest abundance at the middle of the 
plume (ave. 1232 cells /ml). The minimum quantities (ave. 1+00 cells /ml) 
were observed in the lake, however, at the Lake station, the pennate 
diatoms made up a higher portion (39-31 percent) of the total phyto- 
plankton than the Centrales (26.19 percent). The flora of the pennate 
diatoms was diverse; among 171 entities included in total diatom 
counts (Tables 2 and l*b), 150 taxa belonged to the Pennales. The 
genera Navicula (31 taxa) and Eitzschia (25 taxa) and the family 
Fragilariaceae (27 taxa) were represented by the highest number of 
species . These diatoms , and in particular a few species , members of 
the genera Fragilaria , Asterionella and Matoma , contributed most to 
the total quantities of the pennate diatoms, especially in the plume 
area. 

Fragilaria crotonensis and F. casucina were found in maximum 
abundance at the middle plume; the highest counts were 628 and 2h6 
cells/ml, respectively. The numbers of F. crotonensis decreased 
gradually toward the lake (ave. 183 cells /ml), those of F. capucina 
were higher in the lake (ave. 98 cells /ml) than at the edge of the 
plume (ave. 71 cells /ml). The minimum quantities of both species 
(l - 25 cells /ml) occurred in the river. Other members of this genus, 
£• orevi striata , F. construens and F. pinnata , were very common at 
the surface in the river and were present in usually smaller numbers 
at the middle plume and edge of the plume. Hiey were absent from or 
rare at the Lake station. Fragilaria intermedia and F. leptostauron 
were rather common in few collections from the river plume and lake. 
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Among members of the genus Asterionella , A. Formosa was found 
In nicest abundance, although A. ftracillima occurred very abundantly 
in most collections. Variety A. formosa v. acaroide s was abundant at 
the surface in the river (ca. 80 cells /ml) where it replaced the two 
former species. Shis entity was also very common at the surface of 
the middle plume and the bottom of the edge of the plume. Total 
populations of these three species in the river (ave. 110 cells /ml) and 
middle plume (ave. 100 cells /ml) were of similar sizes; they were much 
smaller at the edge of the plume (ave. 28 cells /ml) and in the lake 
ave. 3*» cells /ml). 

Diatoma tenue v. pachycephala was absent from the river, and 
occurred in high numbers (ca. 53 cells /ml) at station MP. It was present 
in lower quantities at EP (ave. 15 cells /ml) and Lake (ave. 7 cells /ml). 
Diatoma vulgaris was very common at the surface in the river , and 
rare at the remaining stations. 

5he abundance of Tabellaria fenestrata decreased from the middle 
plume (ave. kk cells/ml) toward the lake (ave. 13 cells/ml). This 
species was rare in the river (l cell/ml, at the surface). 

The highest quantities of species belonging to the genera 
Navicula (max. 170 cells/ml), Nitzschia (max. 206 cells/ml) and Synedra 
(max. 192 cells/ml) were found at the surface in the river. The average 
numbers decreased toward the lake. The smallest counts of Navicula 
&nd Synedra in the lake ranged 3-8 cells /ml, those of Nitzschia 
9 - 2k cells /ml. 

Among 31 taxa of the genus Navicula included in the counts 
(Tables 2 and kb) 9 only two species, N. decussis and N. tripunctata , 
were present in all collections. The first entity was common in the 
river, and at the surface of the middle plume. It was found in 
highest numbers at the edge of the plume. The second species was most 
common in the river, and in bottom waters at the edge of the plume. 
Navicula cryptocephala v. intermedia was very common in the river, 
present in small numbers at MP and EP and was absent from the lake. 
Another entity, Navicula sp. ( py-Rmaea v. producta ) was rather common 
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at the surface in the river, and present in very snail numbers in other 
collections, except those from the lake. Species such as N. latens , 
II. costulata , N. pupula v. mutata and N. men is cuius v. upsaliensis were 
sporadically common in samples from stations MP, EP and Lake. Other 
nembers of the genus , such as N. gastrum , N. capitata or N. radios a , 
vere noted occasionally, always in low quantities. 

Representatives of the genus Nitzschia , N. p alea and N. frustulum 
T. perminuta , occurred in high quantities in the river, middle plume and 
edge of the plume , and were present in very small numbers in the lake . 
Hitzschia dissipata and Nitzschia sp. #2 were frequently found in the 
river samples, and occasionally were common in samples from EP 
(N. dissipata ) or Lake ( Nitzschia sp #2). Another entity, Nitzschia sp. 
#1 was common at the edge of the plume, and rare at the middle plume and 
lake. About 20 other members of this genus including N. amphibia, 
!!• hungarica , N. stagnorum or N. woltereckii , were only found sporadically 
at either station, always in low quantities. 

She genus Sjynedra was mainly represented by _S. ulna and 
§.• Parasitica v. subconstricta . The former species was found in very 
higi numbers in the river and in smaller abundance at the middle plume 
and edge of the plume. The latter was common at the surface in the 
river and also at stations MP and EP. It was absent from the lake. 
Entities such as j3. ulna v. chaseana and S. ulna v. danica were present 
occasionally in samples from the PP, EP or Lake, always in low numbers. 

Among many representatives of the genera Achnanthes , Amphora , 
Cocconeis and Gomphonema which were found usually in low abundance, only 
few occurred in all or most collections , and even fewer were present 
in rather high quantities. 

Achnpnthes lanceolata v. dubia , Amphora oval is v. pedi cuius , 
Cocconeis placentula v« euftlypta and £. pedi cuius wei'e usually common or 
very common in samples from the river, middle plume and edge of the 
plume, and were absent from the lake. 

Species such as Amphora ne electa , A. ovalis end its variety 
A* ovalis v. gracilis , A. siberica and Achnanthes pi nnata were quite 
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common at the edge of the plume. Sporadically, small numbers of these 
entities vere found at other stations, 

Amphora michi^anensis and Achnanthes minutissima. vere very common 
at the surface in the lake, but were absent from all other sampling 
depths. 

Rhoi cosphaeni a curvata and Goinphonema olivaceum were present in 
all collections, and occasionally were found in rather large abundance. 
Ihe highest quantities of both species were observed in the river and 
edge of the plume, me smallest numbers occurred in the lake and in 
the case of £. olivaceum also in the middle plume. 

k* Chlorophyta 

In October collections green algae comprised between h.lk percent 
(bottom, Lake) and 9.59 percent (bottom, EP) of the total phytoplankton . 
She average abundances decreased from the river (13<$5 units/ml) toward 
the lake (kk units/ml). The green algal flora was very diverse; 63 taxa 
vere included in counts (Tables 3 and Uh) . Among them, a few species 
occurred in very high numbers, (above 100 or even 200 units/ml), mainly 
in the river. 

Species of Scene desmus , £. quadricauda , IS. a bundans and 
S. incrassatulus o were found in much larger abundance, than other 
representatives of this genus. Bieir maximum counts from the river 
varied from 108 to 226 col/ml. Ohe smallest quantities found in the 
lake ranged from 0.3 to k col/ml. Scenedesmus dimoi-phus and S. 
quadri cauda v. maximum were present in all samples in much smaller 
numbers. Highest quantities of both species found at station PP were 
1»5 and 31 col/ml, respectively. Other members of this genus, 
§.• acutiformis. S. armatus , S. bernardii , S. bi.juga and S . opoliensis , 
occurred only sporadically, with highest quantities in the river or 
middle plume (10 to 27 col/ml). 

Populations of Ankistrodesmus falcatus and Di ctyospherium pulchellum 
declined sharply from the river (maxima: 162 cells/ml at the bottom, 
and 129 colonies /ml, at the surface) toward the lake (minima: k cells /ml 
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and 1 col/ml, at the "bottom). Another major dominant of the greens in 
the river, Actinastrum hantzschii (max. ll*2 cells /ml, at the surface), 
vas also very common at the middle plume and edge of the plume, especially 
in surface vaters hut was absent from the lake station. 

Oocystis soHtaria occurred in very high quantities in the river 
(ave. 12 U col/ml), in smaller numbers at the middle plume (ave. 55 
col/ml) and edge of the plume (ave. 31 col/ml) and still smaller in 
the lake (ave. 9 col/ml). She numbers of a few entities included in 
combined counts of Oocystis spp. ranged from 3 col/ml (bottom, Lake) 
to 32 col/ml (bottom, PP). 

Several species belonging to various genera, Closteriopsis 
longissima * Coelastrum sphaericum , Crucigenia apiculata , £. quadrat a, 
Colenkinia radiata and Gloeocystis spp.,y. ere pre sent in all or most 
collections, occasionally in rather high abundance. The highest 
counts of these entities (l6 to 1*1 units /ml) were recorded from the 
surface samples in the river or bottom samples of the middle plume. 

Members of the genus Tetraedron , T. caudaturru T.' lunula, T. 
minimum and T. trigonum were found in practically all samples, with the 
maximum abundance in the river (10 to 1*1 cells/ml) and the smallest 
amounts in the lake (0.3 to- 1* cells /ml). 

High pulses of Dimorphococcus lunatus and Pediastrum duplex were 
observed in isolated instances. Thus the former species was present 
in numbers of 7k and 19 col/ml, at the bottom at stations PP and MP, and 
the latter was found in a quantity of 1*7 col/ml at the surface of PP. 
Both species were present in few other samples in much lower abundance 
(0.3 to 7 col/ml). 

All the remaining members of the green algae, representatives of 
such genera as Cosmariunu Closterium , Desmatractum , FQrchneriella . 
Lagerheimia. Oocystis or Pediastrum were noted sporadically, usually 
in small numbers (0.3 to 6 units /ml). 

£• foanophyta 

Blue-green algae were found in low quantities; 17 to 29 units /ml. 
The relative abundance of this group in total phytoplankton increased 
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gradually from the river (O.lU percent) toward the lake (1.71 percent). 
Among 13 taxa identified in October (Table 3), only P hormidium spp., 
Oscillatoria spp. , and Aphanocapsa spp. were found in all or most 
collections. Other members of this group were observed occasionally in 
quantities usually lower than 5 units /ml. 

The hi^iest numbers of Phormidium spp. (22 filaments/ml) and 
Oscillatoria spp. (7 fil/ml) were found in the river, the minimum 
(l fil/ml) was noted in the lake. 

Aphanocapsa spp. were absent from the river. The average 
populations at MP (7 col/ml), EP (10 col/ml) and Lake (9 col/ml) were 
of similar sizes. 

Dactyloccopsis smithii was found at the surface of the river 
station in an abundance of 7 col/ml, it was absent from all other sampling 
depths except at the bottom in the lake (2 col/ml). 

6. Chrysophyta 

Dinobryon divergens was absent from the river and present at the 
MP, EP and Lake stations in numbers ranging from 10 cells /ml (at the 
surface and bottom in the lake) to 3** cells /ml (at the surface in the 
edge of the plume ) . 

Ophiocytium capitation v. longispinum (10 cells/ml, at the surface) 
and Centritractus belanophorus (k cells /ml, at the bottom) were the only 
representatives of Chrysophyta found in the river. !ttte former species 
and also Dinobryon bavaricum and D. calciformis were observed in isolated 
instances at stations MP and Lake in small quantities (l to U cells /ml). 

X- forrophyta 

Shis group of phytoplankton was absent from the river. At the 
middle plume, edge of the plume and lake, lyrrophyta were represented 
*y Peri din ium spp. (l to 5 cells/ml). A solitary case of Cystodinium 
cp. (17 cells/ml), was observed at the surface of the MP station. 
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8. Flagellates 

Total counts of flagellates ranged from 183 cells /ml tat the 
surface, MP) to 397 cells /ml {surface, PP). The relative abundance in 
total phytoplankton increased from the river (2.06 percent) toward the 
lake (ca. 26.0 percent). This group was represented mainly by 
Chlamydomonas sp. and Cryptomonas sp. While the average populations of 
Chlamydomonas increased from the river (33 cells /ml) toward the lake 
(256 cells/ml) hy a factor of about eight, the average concentrations 
of Cryptomonas diminished drastically, over 15 times, from PP (251 
cells /ml) to the Lake (l6 cells /ml). 

Euglena spp (0.3 to 38 cells /ml) and Pteromona s sp. (l to 11 
cells/ml) were present in practically all samples; the maximum quantities 
were observed in the river and minimum in the lake. 

Lepocinclis spp. and Phacus sp. were rather common (l to 21 
cells /ml) in a few samples from the river and middle plume. 
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C. November 6, 1968 

i # Physical -Chemical Data 

Hie river was colder than the adjacent lake waters, and -was 
sinking in entering the lake. The plume could not be distinguished 
by its usually dark brown color. To increase the possibility of 
finding the edge of the plume, two EP stations were chosen (Fig. lc). 

Table 5c (l) presents the physical data. The surface water 
temperature varied from 10°C in the river to 12.5°C at the lake station 
located h km west from the shore. With the exception of the river 
station (PP), where no vertical temperature difference in the water 
column was observed, the surface temperature readings at the remaining 
stations were slightly higher (0.5 - 2°c) than those at 5 and 10 meters 
depth or at the bottom (Table 6l). 

Secchi disc transparencies increased from 1.2 m in the river to 
7.5 m in the lake. The highest amount of light, 6.66% of surface light 
at disc depth (5 m), was noted at EP 2 station where the water was 
clear green. Calculations indicated that the bottom waters at the 
middle plume contained 21$ river water. 

Examination of Table 5c (2) shows, that the highest average values 
of chemical parameters, with the exception of results for oxygen 
(max. 8.00 ppm at Lake, EP 2), and pH (max. 8.56 at 13* l), were found 
in the river. The lowest values were generally observed at the edge of 
plume stations. Slightly higher average results from the lake compared 
to those found at both EP stations, were in most cases, caused by high 
individual values from deeper water (e.g., nitrate, silica, chloride and 
turbidity values at 25 meters and bottom). The vertical distributions 
of chemical values at various segments of water columns are presented 
in Tables 6a - 6k (November data). The results obtained for ortho- 
phosphate may be of special interest (Table 6g); a complete depletion of 
orthophosphate was noted at 1 and 5 meters depth at MP and EP 1 stations, 
respectively, and only small amounts, ranging from 1.2 -4.9 ppb were 
found at various depths of both EP stations and in the lake. The results 
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are striking when compared with the values found in the river 
(ave. 86.7 ppb) and at the bottom of MP station (65. 1 ppb). 

2. Phytoplankton Data 

Figure ha, illustrates the average counts of total phytoplankton 
and of major phytoplankton groups found at the November stations. The 
total phytoplankton numbers at the middle plume station were about 
2.5 times smaller in comparison with those in the river (ave. at PP: 
6196 units/ml). The decrease from MP to the lake was; snail, the 
average counts at EP 1 and EP 2 were nearly the same, 2kl8 and 244l 
units/ml, and only slightly smaller than at MP (ave. 2578 units/ml), 
the average numbers at the lake station were: 15*1-2 units/ml. 

For comparison, Figure hb shows the average nutrients and silica 
values obtained at the same stations. A drastic decrease (ca. four 
times) of phosphate, nitrate and silica from the river to the middle 
plume, corresponded with the sharp decrease of total phytoplankton, 
diatoms and greens, abundances. At MP, both EP and Lake, where the total 
phytoplankton populations were of similar sizes, the levels of nutrients 
and silica were also similar. 

2s Bacillariophyta 

Diatoms comprised between ^5.58 and 93.88 percent of the total 
phytoplankton in November collections. The maximum count, 5629 cells /ml, 
vas recorded from the bottom in the river, the smallest, 335 cells/ml, 
from 10 meters depth in the lake. In the river (PP)> centric diatoms 
dominated, by far, the total phytoplankton populations . In the river 
plume area (MP, EP 1, EP 2) and the lake station, the relative abundance 
of the Centrales decreased drastically. While the percent composition 
of the Centrales at these stations varied from 12.68 to 58.24$ the 
Pennales made up between 29.22 and 66.82$ of the total, phytoplankton. 
In only one sample, from the bottom of the middle plume, the numbers of 
total Pennales were about twice as small as those of the centric diatoms. 
The cell counts of diatoms and their relative abundance in total 
phytoplankton are presented in Tables 1 and 2 (November data). 
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About 13 species of the Centrales were found in very high or 
relatively high, quantities in this month's collections. Several of 
them occurred abundantly in the river, and in smaller although 
sporadically very high numbers at other stations, especially at the 
bottom. Generally, their average concentrations were sharply 
decreasing, toward the lake, and the numbers found in deeper and 
bottom waters were higher and often much higher than those observed in 
upper and surface waters. 

The maximum counts for Qyclotella meneghiniana v. plana (3171 
cells /ml) and for Melosira granulata v. angustissin a (59T cells/ml) 
were found at the bottom in the river; the concentrations were only 
slightly higher than those at the surface. The minimum counts for the 
former species were: 9 cells/ml in the 5 meter sample from EP 2 and 

10 cells/ml in the 7 m sample from MP, and for the latter species: 

11 cells/ml at 10 meters depth in the lake. 

Populations of Melosira granulata at the surface and bottom 
in the river, and bottom of the middle plume station were essentially 
identical, ca. 473 cells/ml. The lowest numbers, 8 cells/ml, were 
found at the surface in the lake station. 

Stephanodiscus tenuis and S. sub ti lis were found in the river in 
maximum quantities of 317 and 195 cells /ml respectively. The minimum 
counts for both species, 1-4 cells /ml, were noted at various depths 
at the remaining stations. 

In addition to these major dominants in the river phytoplankton, 
few other species were very common in the river and present in lower 
numbers at various depths at the plume stations and in the lake. The 
average counts of Stephanodiscus hantzschii decreased from 26 cells/ml 
in the river to about 2 cells/ml in the lake. Stephanodiscus astrea 
occurred in an abundance of h8 cells/ml at the bottom in the river, its 
counts from all of the other samples ranged from 2 - l6 cells/ml. 
Another representative of genus Melosira, M. varian s was very common 
(l6 - 28 cells/ml) in the river. It was found in only three other 
samples from the lake and edge of the plume in low numbers of 1 - 6 
cells /ml. Cos ci nodi scus sub salsa was very common in the river 
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(max. 68 cells/ml, at the surface) and at the bottom of K? (38 cells/ml) 
and EP 2 stations (25 cells/ml). The numbers found in ether samples 
from MP, EP 1 and lake vere caich smaller, 1-5 cells/mL. 

Four species were found in large abundance either at the middle 
plume or the edge of the plume stations. Their lowest cccnts vere 
recorded from the river or lake samples. Thus Cy clotells ccnita 
occurred in high numbers of 133 cells/ml at the bottom ©r station EP 2, 
the minimum 9 cells /ml, was found at the surface in tire lake. The 
counts of £. kutzingiana ranged from 10 cells/ml in the river to 
129 cells /ml in the middle plume. The highest populations of 
Stephanodiscus alpinus (152 cells /ml) and Cyclotella nz^'r^niana 
(106 cells /ml) vere found at the bottom of MP, the lovss^ counts, 1 and 
5 cells/ml, at 10 meters depth in the lake. 

Pennales vere found in largest abundance at statica EP 1, vith 
an average of about 1230 cells/ml. The average concentrations at MP, 
EP 2 and lake vere similar, about 900 cells/ml. The losesat quantities, 
ave. 330 cells /ml, vere found in the river. Except far the river 
station vhere relatively low numbers (l - 19 cells /ml) cT Fragilaria 
crotonensis vere noted, the populations of this species stt other 
stations and to a lesser degree those of F. capucin a, octznmbered the 
quantities of all other pennate diatoms. The maximum ©sin counts of 
£• crotonensis, 103^ and 901 cells/ml, vere recorded from the bottom 
of stations EP 1 and EP 2, respectively. The highest ^epilations of 
F. capucina vere found at the bottom of EP 1, 386 cells il, and at the 
bottom of Lake station, l8l cells /ml. Other members of l£e genus 
Fragilaria such as F. brevistriata, F. construens, F. p : -r?-t?i and its 
variety F. pinnata var. lance ttula, vere present in rels^-rely high 
quantities in the river, and vere rather common in bottom -s&ters at 
all other stations. Fragilaria construens v. binodis isss common in 
the river and practically absent from the remaining stations. 

Several members of the genera Asterionella and Tirana vere 
found in the November collections. The maximum total cccits vere: 
for the former genus, 1^9 cells/ml, and for the latter, H3 cells/ml, 
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noted at the bottom of station EP 1. The lowest numbers of both 
genera occurred in the river. The genus Asterionella was mainly 
represented by A. formosa. A. gracillima and A. fonriosa v. acaroides 
vere also identified in several collections. Among species of 
the genus Diatoma, D. tenue v. elongatum was most numerous and present 
in all samples. Diatoma tenue v. pachycephala was rather common at 
station EP 1 and D. vulgaris was common in samples from the river and 
present in smaller numbers in bottom samples from other stations. 

The average populations of Tab e liar i a fene strata found in the 
lake and at both edge of the plume stations were of similar sizes, 
ca. 36 - 40 cells/ml. The numbers in the middle plune were smaller, 
about 20 cells/ml, and much lower in the river, 2 cells/ml. Tabellaria 
fenestrata v. geniculata was present in very low quantities in several 
samples from the river plume area and lake. T. flocculosa was very 
common (l8 cells/ml) in only one sample from 7 ni depth in the middle 
plume. 

Contrary to the representatives of the Pennales discussed above, 
found in lowest numbers in the river, members of the genera Navicula, 
Nitzschia and Synedra occurred in the river in highest quantities. 
Their average numbers were decreasing toward the lake. Among 211 diatom 
taxa identified in the November collections (Table 4c), the highest 
number, 4^, were members of the genus Navicula , About 28 of them were 
found in the river in average quantities of 103 cells/ml. The amounts 
at the remaining stations, contributed by varying numbers of species 
(2 - 28) ranged from 0.1 - 24 cells /ml. In spite of such high diversity 
of species, only several members of the genus Navicul a were found 
commonly in various samples, especially those from the river. Others, 
as N. lanceolata, N. integra or N. pupula and its varieties, were only 
found occasionally, usually in very low abundance * 

Navicula decussis present at all stations, was very common in 
the river and common in deeper or bottom water at other stations. 
Navicula cryptocephala v. intermedia, N. gastrum, N. tripunctata and 
its variety N. tripunctata var. schizonemoides were very common in 
the river, and less common at the bottom of MP and EP 2 stations. They 



vere only sporadically found in very small numbers at other stations. 
Havicula paludosa vas commonly found only in the river and at the 
bottom of the middle plume. Navicula cos tu lata and N. latens, absent 
from the river, vere present at various depths of other stations 
usually in low quantities and only occasionally they vere more common 
at MP, EP 1 or EP 2. Havicula menis cuius v. upsalieiisis and varieties 
of N. capitata, especially N. capitata v. luneburgensis vere found at 
all stations, most of the time in very small numbers. Both mentioned 
species vere sporadically common at the bottom of MP, EP 1 and EP 2. 

Total cells counts of the genus Nitzschia decreased gradually 
from the river (max. 9^ cells/ml, bottom) tovard the lake (minim. 2 
cells/ml, at 10 meters). Among 22 identified members of this genus, 
only K. amphibia and N. dissipata vere relatively coiamon and present 
in most collections. Entities marked as Nitzschia sp. #1 and Nitzschia 
#2 vere common at the EP 1 station, Nitzschia sp. #1 vas also quite 
common in the lake, and Nitzschia sp. #2 vas rather common in the 
river and the surface of the middle plume. Other species in this genus 
were found in small numbers, usually in samples from deeper vater. 

Total abundance of species belonging to the genus Synedra varied 
from a minimum of 1 cell/ml (at 10 meters, lake) to a maximum of 
32 cells /ml (surface, river). Synedra ulna, S. ulna v. chaseana and 
S. acus vere found most frequently, although usually in lov quantities. 
Only S. ulna vas more numerous than other species of this genus, 
especially in the river and at various depths of MP, EP 2 and Lake. 
Synedra sp. ( vaucheriae v. f ragi larioides ) vas common in bottom samples 
from EP 1 and Lake. 

In addition to the diatoms included in the above discussion, 
several other species, representatives of such genera as Achnanthes, 
Amphora and Cocconeis vere often found in relatively high numbers at 
the November sampling stations, especially in the river or deeper 
vater of the river plume area. Common in the river and deeper vater at 
MP, EP 2 and occasionally in the lake vere: Achnanthes lanceolata v. 
dubia, Amphora ovalis v. pedi cuius and the nominate variety A. ovalis, 
Cocconei s diminuta and C. placentula v. pediculus. Species such as 
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Achnanthes clevei and Cocconeis pedi cuius -were qui to common in the 
river and more common in deeper water of the middle plume. Achnanthes 
lanceolata vas common in the river, at the bottom of station EP 2 
and at 25 m depth in the lake. Relatively common in the river, and 
absent from, or rare, at the other stations were: Achnanthes hauckiana 
v. rostrata and A. laueriburgi ana . Very rare in the river, but very 
common in deeper water in the middle plume, the edge of the plume and 
lake was Amphora neglecta. Common only at the bottom of station MP and 
EP 2 and rare in the river, EP 1 and lake were: Amphora oval is v. 
libycaj Cocconeis placentula and C. thumensis . 

Solitary members of other genera, e.g., Rhoicosphenia curvata 
and Gomphonema olivaceum, were very common in the river, and sporadically 
common in bottom or deeper water at MP, EP 2 and Lake stations, 

4. Chlorophyta 

Percent composition of green algae in total phytoplankton varied 
from 1.22 to 6.3&S, and the total counts ranged from 20 units/ml (at 10 
meters, lake) to 4l3 units/ml (at the bottom, in the river). The 
average counts decreased from the river to the middle plume by the 
factor of 4.5» At the middle plume, lake and especially at both 
edge of the plume stations the counts were similar, ranging from 52 
units/ml (Lake) to 80 units/ml (MP). 

Among 55 taxa of the greens included in the November counts 
(Table 3) only a few were found in most collections, at times in rather 
high abundance. Most of the species, representing such genera as 
Pediastrum, Glceocystis, Kirchneriella, Scenedesmus or Crucigenia 
occurred sporadically, usually in low quantities (0.3 - 5 units/ml). 

Two members of the genus Scenedesmus, S, quadrlcauda and 
£• dimorphusj . were found very frequently. Their highest populations, 
126 and 30 colonies/ml, respectively, were observed at the bottom in 
the river. 

Scenedesnus abundans, S. incrassatuluc, and S. quadricauda v. 
maximum were relatively common in the river and at the bottom of the 
middle plume; their counts ranged from 3-15 col/ml. 
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Genus Oocyst! s was mainly represented by 0. s oli tar i a. This 
species was found abundantly in the river (121 col/ml, bottom), and 
vas very common at the middle plume and at the bottom of EP 2 and Lake 
stations. The minimum, 2 col/ml, occurred at the bottom of EP 1 station. 
Several other taxa were included in total counts of Oocystis spp., the 
numbers ranged from 1 col/ml (at 25 meters, lake) to 31 col/ml (surface, 
river)* 

Ankistrodesmus falcatus was present in all collections. Its 
average numbers decreased sharply from the river (59 cells/ml) to the 
lake (3 cells /ml). The populations at the MP, EP 1 and EP 2 stations 
vere of similar sizes: 9-13 cells /ml. 

Dictyospherium pulchellum was found at all stations, most of the 
time in low numbers, 0.6 - k col/ml. The maximum, 10 col/ml, was 
ctoserved at the bottom in the river. 

Isolated high pulses of entites absent from most collections or 
present in low numbers, were observed in few instances. Thus Cosmarium 
spp* were found in abundance of 62 cells/ml at 5 meters depth of 
station EP 1, and Crucigenia quadrata occurred in numbers of $2 col/ml 
at the surface in the lake. 

5* Cfranophyta 

Total counts of blue -greens varied from 7 units/ml (at 25 m, lake) 
to 52 units /ml (at the surface of the middle plume). Several species of 
genus Oscillatoria were present in most samples. They were the only 
representatives of the blue -green algae found in the river. The highest 
counts of Oscillatoria were recorded from the surface of station EP 1 
4l fil/ml, and from the surface of station PP, 37 fil/ml. The lowest 
numbers, ave. 1 fil/ml, were found in the lake. 

Aphanocapsa spp. absent from the river, were relatively common 
at other stations; the highest counts, 5-8 colonies /ml, were noted in 
surface waters. 

Chroococcus limneticus and few other members of this genus were 
observed in the same collections. The maximum quantities of C. limneticus 
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(ik col/ml) and of species included in total counts; of the genus 
Chroococcus (26 col/ml) were noted at the surface of the middle plume. 
The lowest counts (0.3 - h col/ml) were found in the lake, 

Anabaena circinal is va s present in numbers of 0.3-4 col/ml, 
at the edge of the plume and in the lake. 

6. Chrysophyta 

Dinobryon divergens was found at all stations in small numbers 
(1-4 cells/nl). An isolated pulse of entities belonging to genus 
Mallamonas vas noted at 5 meters depth of station EP 1: 15 cells/ml. 
Members of this genus and of genus Ophiocytium were observed in very 
low quantities in few other collections. 

Ir forrophyta 

Members of genus Feridinium were found in several samples in low 
abundance of 1 - 3 cells/ml. 

8. Flagellates 

Flagellates, represented mainly by the genera Chlamydomonas and 
Cryptomonas, were found in high abundance in November collections, 
especially in those from the edge of the plume. The total counts 
ranged from 77 cells/ml (at the bottom, lake) to 1092 cells/ml 
(at 5 meters, EP 2}. The average numbers of Chlamydomonas at each 
station exceeded several times those of Cryptomonas ., Their maximum 
concentrations at the middle plume, edge of the plume, and in the lake 
were observed in upper segments of water columns; peaks of 990 and 
733 cells/ml were noted at 5 meters depth of the EP 2 and EP 1 stations. 
The smallest quantities of Chlamydomonas , 32 cells/ml, were observed at 
the surface in the river; the numbers were ten times smaller than those 
at the bottom. At the surface in the river Cryptomonas occurred in 
highest abundance of ll4 cells/ml. Their lowest counts (7 - 36 cells/ml) 
were recorded from the lake. 

Members of the genus Pteromonas were present at each station. 
The cell counts ranged from 0.3 cells /ml noted at the surface in the lake 
to 20 cells/ml recorded from the surface in the river. 

Bugiena spp. and Fhacus sp. occurred in few isamples in small 
numbers (0.3 - 3 cells/ml). 
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D, March 18, 1969 

i # Physical -Chemical Data 

Ice floating from the river into the lake indicated the direction 
of the river flow. The edge of the plume station was chosen at Vne 
edge of the melting ice (Fig. Id). 

Tables 5d(l) and 6 1 present the physical data. In the river, 
the surface and bpttom temperatures were the same (4.2°c). At the 
middle plume and edge of the plume (surface temperature, 2°c), and 
at the lake station (surface temperature, 2.5°C), the surface water 
vas slightly colder than at the bottom. The maximum temperature 
difference between the surface and bottom was 2°C at the MP station. 
Ihe Secchi disc readings ranged from 1.3 ni in the river to 3.5 m in 
the lake. The amount of surface light at disc depth varied from 1.75 
percent in the river to 13.28 percent at 2.5 meters, EP and 13. 96 
percent at 1.5 meters, MP. 

Calculations indicated a higher content of the river water 
at the bottom of stations MP (hS.OJo) and EP (19*0$) than at the 
surface. 

The average chemical results are summarized in Table 5d(2), and 
the individual values of chemical parameters are presented in 
Tables 6a to 6k. Except for dissolved oxygen content and pH (identical 
surface and bottom oxygen results at each station;; 12.0 ppm, and only 
slight differences between stations in the hydrogen ion concentrations, 
8.83 to 8.90) the average values of chemicals were higher in the river 
than in the mixing water area (MP, EP), and considerably higher than 
in the lake. In general, at each station, the surface results for 
sulfate, chloride, alkalinity, phytoplankton nutrients and silica 
vere lower, and at times much lower than the bottom values. Departures 
from this pattern were observed in only a few cases (e.g., uniform 
vertical distribution of alkalinity values at the PP and Lake stations, 
of phosphate in the river, or higher than at the bottom, surface 
value of silica in the river). Some of the higher differences 
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between the surface and bottom results were noted for phosphates 
(Table 6g). In the middle plume, the surface phosphate value was 
15.2 pjto, and the bottom value was 56. ppb. Complete depletion of 
phosphate was found at the surface in the edge of the plume, while 
the bottom value was 35* 6 PPh. Also the surface values of silica 
at MP (5.10 ppm) and EP stations (5. 00 ppm) were 1.30 and 2.00 ppra 
lower than those at the bottom (Table 6h). 

2. Phytoplankton Data 

Figures 5& and 5b illustrate the surface and bottom counts 
of total phytoplankton and of major phytoplankton groups. The 
maximum concentration of phytoplankton, 618O units/nl, was observed 
at the surface of the edge of the plume station; the quantities 
exceeded more than twice the bottom populations (26l2 units/ml). The 
second highest count, 3277 units /ml, was recorded from the bottom 
in the lake, however the average quantities of phytoplankton at this 
station (2966 units/ml) were nearly of the same size as those found 
in the middle plume (3100 units/ml). The minimum numbers were 
observed in the river — the average quantity in the river was 
1983 units/ml. 

Comparison of Figures 5a,b with Figures 5c, d shows that the 
levels of total phytoplankton and diatoms in the mixing area (MP, EP) 
and lake were much higher than in the river and corresponded with 
nutrients and silica values much reduced relative to the river values. 
These results, and also the fact that the surface concentrations of 
nutrients and silica were generally lower than the respective bottom 
values (especially at the edge of the plume where maximum populations 
of phytoplankton were observed, and at the same tine phosphate at the 
surface was depleted and nitrate and silica values were much smaller 
compared with the bottom concentrations) would suggest an enhanced 
uptake of nutrients and silica in the photic zone, by the spring 
phytoplankters . This biological uptake of nutrients and phytoplankton 
bloom was most probably triggered by more appropriate temperature 
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and light conditions for the spring phytoplankton in the mixing 
vater area and lake than in the river [see Table 5d(l)]. 

3* Bac i liar i ophy ta 

In collections from the middle plume, edge of the plume and 
lake diatoms comprised between 83.42 percent and 93.10 percent of 
the total phytoplankton. In the river samples their relative 
abundance vas smaller: 59-27 percent (surface collection) and 
71*12 percent (bottom collection). The maximum count, 575^ cells/ml, 
vas recorded from the surface of the edge of the plume; these 
quantities were over twice the size of the amounts found in the 
bottom waters at this station. The minimum numbers, 910 cells/ml, 
vere observed at the surface in the river. At each station, centric 
diatoms were found in much higher abundance than Pennales; their 
percent composition in total phytoplankton varied from 39- 16 percent 
(surface, PP) to 74.20 percent (surface, KP), while the pennates 
made up between l6.47 percent (bottom, PP) and 31. 4l percent 
(surface, MP) of the total. 

Examination of Tables 1 and 2 shows that species of the 
Centrales found in March in large quantities in the river, were 
entirely different from those dominating the diatom flora in the mixing 
vater area (the middle plume and edge of the plume) and lake. They 
vere the same as during the fall (September, October and November) 
but present in different proportions and in much lower numbers, in 
fact, the numbers were extremely small, compared with those in the 
previous season. 

The maximum counts of all but one centric diatom found in 
the river were recorded from the bottom. Quantities of these species 
found at stations MP, EP and Lake, were much smaller. The highest 
numbers of Stephanodiscus sub tills and S. tenuis vere 431 and 292 
cells/ml (river, bottom). The quantities found in the collections 
from other stations ranged, for the former species;, 10 to 28 cells /ml, 
and for the latter, 6 to l6 cells /ml. 
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Qyclotella meneghiniana v. plana (maxima: j6x cells /ml at 
the bottom in the river and 28 1 cells /ml at the surface in the 
river), was not found at the Lake station. The average populations 
at the middle plume and edge of the plume were: 60 and 33 cells /ml, 
respectively. The nominate variety of the former species 
C. meneghiniana (max. 112 cells /ml, surface, river) was identified 
at all sampling depths. Its average populations decreased toward 
the edge of the plume (l? cells /ml), the amounts found in the lake 
(ave. 33 cells/ml) were similar to those in the middle plume 
(ave. 37 cells /ml). 

Melosira granulata and M. granulata v. angustissima (highest 
counts: 28 and 67 cells/ml, respectively, at the bottom in the river) 
were present in all collections. Lowest abundance of both species 
(k to 5 cells /ml) was noted at stations MP and EP. The average 
quantities in the lake, 9 cells/ml, for the former species, and 
15 cells /ml for the latter, were much smaller than those in the river. 

Several centric diatoms, Stephanodiscus alpinu s , 
S. trans i Ivani cus , Qyclotella stelligera, £. ocellata , Melosira 
islandica, M. italica subsp. subarctica and Stephanodiscus minutus, 
were found in high, and at times very high abundance at stations MP, 
KP and Lake. Their quantities were often much higher compared with 
the amounts observed during the fall. Two of these species (M. islandica 
an ^ i !£• italica subsp. subarctica) were not present in the fall 
collections. The maximum populations of these phytox>lankters with 
only one exception of M. islandica, (highest numbers at the surface 
in the lake), were observed at the surface in the edge of the plume. 
Hiese quantities, especially in the case of S. alpinu s and 
S. trans i Ivani cus were much higher than the respective numbers found 
in the bottom waters at the same station. Only the surface and bottom 
populations of M. islandica and those of M. italica subsp. subarctica 
were uniform. In most cases, the average abundances of any of these 
species, at at least two sampling stations, either the EP and Lake, - 
the MP and EP or the MP and Lake, were of similar, if not identical 
sizes. Most of these entities were absent from the river, and when 
present, their numbers were small. 
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The maximum counts of Stephanodiscus alpinus and S.. transilvanicus 
vere: 2216 and 903 cells/ml (surface, station EP). Hie average popu- 
lations of the former species, found in the middle plume and lake were 
similar, ca. 600 to 700 cells /ml. Small numbers (10 cello/ml) vere 
recorded from the bottom sample in the river. Stephanodiscu3 trans il- 
vanicus was absent from station PP, the average amounts found at the 
edge of the plume and lake were almost identical (500 cells/ml) and over 
twice the quantities found in the middle plume (ave. 212 cells/ml). 

Cyclotella stelligera and C. ocellata (highest numbers: 1*75 and 
380 cells /ml, at the surface, station EP) were practically absent from 
the river; only small quantities of the former species (h cells /ml) were 
observed at the bottom. The average populations of £. stelli^era 
at stations MP (326 cells /ml) and EP (391 cells /ml) were of similar 
sizes, and over four times higher than those in the lake (ave. 75 
cells/ml). The abundance of C. ocellata in the edge of the plume (ave. 
2kk cells /ml) was larger than in the lake (ave. 158 cells /ml) and 
middle plume (ave. 78 cells /ml). 

Bo*** Melosira islandica (maximum 330 cells /ml at the surface in 
the Lake) and M. italica subsp. subarctica (max. 77 cells /ml, surface, 
station EP) were absent from the river. The average abundances of the 
former species at the EP and Lake stations, were identical (ca. 26h 
cells /ml). The quantities in the middle plume were smaller, (ave. 
156 cells/ml). She numbers of the latter species increased from the 
middle plume (ave. 1*9 cells /ml) to the edge of the plume (ave. 67 
cells/ml) and then decreased toward the lake (ave. 27 cells/ml), 

Steph ano dis cus minutus was present in all collections in numbers 
ranging from 2h to 166 cells/ml. The highest average quantities 
(1^3 cells /ml) were found in the middle plume, the lowest (52 cells /ml) 
in the river. 

Several centric diatoms, Cyclotella comta , £. k utzinfljana . 
£j michiganiana , Melosira varians and Stephanodiscus aq trea , were 
present in few collections, sporadically in rather high, numbers. 
Except for £. comta they were not found in the lake. Their maximum 
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quantities (20 to 1*9 cells /ml) were observed in the middle plume and 
edge of the plume , only £. comta vas most common at the bottom in 
the lake (35 cells /ml) and M. varians at the bottom in the river 
(15 cells /ml). 

Isolated pulses of few other species were observed occasionally. 
Thus Stephanodiscus, hantzschii was present at the bottom in the middle 
plume (ll cells /ml) and S. binderanus occurred at the surface in the 
edge of the plume (15 cells /ml). Coscinodiscus subsalsa was only found 
at the surface in the river (k cells /ml) and Qyclotella cryptica at 
the surface in the middle plume and edge of the plume (5 cells /ml). 

In this month f s collections Pennales were represented by i58 
taxa. Most of them belonged to the family Fragilariaceae (39), 
Navicula (38) and Nitzschia (2**). The remaining species were members 
of such genera as Achnanthes » Amphora , Cocconeis , Goirrphonema and many 
others. Table k& shows the numbers of identified taxa in the March 
samples. The cell counts of pennate diatoms are presented in Table 1, 
and the relative abundance of species in total phy toplankton , in 
Table 2. 

The maximum quantities of Pennales (1168 cells /ml) were found 
at the surface in the edge of the plume, and the minimum numbers 
(308 cells/ml) at the surface in the river. The highest average 
counts of any of the major genera of this group of diatoms, with the 
exception of the genus Navi cula (maximum in the river) were reported 
either from station EP or MP. The lowest counts were generally found 
in the river. 

Members of the genus FraRjlaria , Fragilaria crotonensis and 
£• capucina , occurred in largest abundance at the surface of station EP, 
312 cells/ml and 72 cells/ml, respectively. Ihe former species was 
absent from the river, and the lowest quantities, 92 cells /ml, were 
observed at the surface in the lake. The smallest numbers of the 
latter species (ave. 8 cells /ml) were found at both the river and 
middle plume stations . A variety of F. capucina » F. eapucina v. 
lanceolata, Was common i n the river and also at the surface in the 
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mlddle plume and edge of the plume. Smaller numbers vere found at 
the bottom of stations MP and EP. Another variety, F. capucina v. 
mesolepta was found in low abundance in the river and middle plume. 
Fragilaria vaucheriae v. truncata was very common in the river, and 
present in smaller quantities at the bottom of stations MP and EP. 
Variety F. vaucheriae v. capitellata vas very common at the 
surface in the edge of the plume. Fragilaria const ruens was rather 
common in surface waters in the river and middle plune. This 
species and its varieties , F. construens v. binodis and F. construens 
v. pumila occurred also at few other sampling depths,, in much lower 
quantities . Fragilaria brevistriata , F. brevi striata v. inflata, 
Z* pinn-ata and F. pinnata v. lancettula were sporadically present in 
samples from stations PP, MP and EP. 

Maximum abundance of members of the genus Synedra was recorded 
from the middle plume (ave. 2 1*2 cells /ml). Smaller populations, found 
at the edge of plume (ave. 137 cells /ml) and lake (llO cells /ml) were 
almost of identical sizes. The lowest quantities (ave. 19 cells /ml) were 
observed in the river. Among 13 species of this genvs identified in 
samples from the river, only Synedra ulna , and to a lesser degree 
§s ulna v« danica were common. All of the remaining entities were 
present in very small numbers. The former species was also present 
in lower abundance at the bottom of the edge of the plume and lake. 
Abundance of the latter species increased toward the lake, with the 
highest numbers found at the edge of the plume. Synedra ulna v. 
chase an a and the entity designated as Synedra sp. ( vaucheriae v. 
fragilarioides ) occurred in very high quantities in the middle plume, 
edge of the plume and Lake, they were practically absent from the 
river. Common at the surface in the middle plume wers £. acus and 
£• delicatissima v. angustissima . While the former species was 
present only in small numbers at all other sampling depths, the 
latter entity was absent from the river, but very common at the edge 
of the plume and somewhat less common at the bottom in the lake. 
Rather high numbers of another member of this genus, S. ostenfeldii 
vere observed in the edge of the plume. 
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Average populations of Tabellaria fenestrate in the middle plume 
(98 cells/ml), edge of the plume (100 cells/ml) and lake (81 cells /ml) 
vere of similar sizes. Only small quantities (ca. 3 cells/ml) of this 
organism vere present in the river. 

Genus Asterionella was represented mainly by Asterionella formosa . 
Other species of this genus, A. gracillima and A. f ormos a v. acaroides » 
vere identified only in the surface sample from the middle plume. The 
average concentrations of Asterionella in the middle plume and edge 
of the plume (ca. 87 cells /ml) were identical, and over twice the size 
of the quantities found in the river (ave. 32 cells /ml) and lake 
(ca. 39 cells /ml). 

Diatoma tenue v. elongatum , present in all collections , was the 
most common member of the genus Diatoma . A few other species in this 
genus, Diatoma vulgaris and its variety, D. vulgari s v. brevis , 
D. ehrenbergrii and D. tenue, were found in the river, especially in 
the bottom waters, in total numbers higher than the former species. 
She highest counts of Diatoma were recorded from the middle plume 
(ave. 1*2 cells /ml) and edge of the plume (ave. 3h cells/ml). Much 
smaller quantities were observed in the lake (ave. 10 cells /ml) and 
the lowest (ave. 6 cells /ml) in the river. 

Representatives of the genus Nitzschia were present in largest 
abundance at stations MP (ave. 159 cells /ml) and EP (150 cells/ml). 
The lowest numbers were found in the river (ave. 68 cells /ml). Four 
species in the river contributed mostly to the total quantities of 
Nitzschia : Nitzschia linearis » the entity designated as Nitzschia sp. 
#6, N^. commutata , and N. dissipata . Ifte three former entities were 
either absent from all other stations, or occurred there only in very 
low amounts ( Nitzschia sp. #6 ) . The species, Nitzschia dissipata , 
vas also very common in the middle plume, especially at the surface 
and present in somewhat smaller numbers in the edge of the plume. 

Nitzschia sp. #2 was found in particularly high quantities at 
stations MP, EP, and Lake, where it made up over 80 percent of the 
total numbers of Nitzschia . It was found in very low abundance in 



JA- 



the river. Another entity* Nitzschia sp. #1 was common in the edge of 
the plume and lake, especially at the bottom. It was absent from the 
river, and present at the MP station in small numbers. Nitzschia recta 
and II. acuta occurred in all samples , with the exception of those from 
the lake. Both species were usually found in low abundance. Other 
members of this genus were only found sporadically, In small quantities. 

An average abundance of the genus Navicula decreased from the 
river (79 cells /ml) toward the lake (ave. 9 cells/ml). Several 
representatives of this genus , Navicula tripunctata , N. crypto cephal a 
v. intermedia , N. crypto cephal a v. veneta, N. decussl s , N. gregaria 
^^ Er radios a v. tenella, were common or very common in the river, 
and sporadically common in the middle plume or edge of the plume. Other 
species, such as N. c apitata , N. lanceolata , N. viridula , N. viridul a 
v ' linearis and Navi cula sp #8, were usually common in the river and 
occasionally present in much smaller quantities at the other stations. 
Most members of this genus were found only sporadically, in low 
abundance. 

Many other representatives of various genera were frequently 
found in the March collections. However, only some of them were present 
in relatively high quantities . Thus Gomphonenia oliva.ceum was very 
common in the river and middle plume, less common at the bottom in the 
edge of the plume and lake, and was practically absent from the surface 
waters of the two last stations. Species of the genus Achnanthes , 
A. lauenburgiana , and A. lanceolata with its variety A. lancqolata 
v. dubia, were very common in the river, especially at the surface. 
They were also present in small quantities at other stations. A few 
species of Amphora , Amphora oval is and its varieties , particularly 
IL* ov&lis v. pedi cuius , were present in all samples; they were more 
common in the river and middle plume- Meridion circulare , M. circulare 
v. constrictum and Rhoicosphaenia curvata were common in the river. 
Surirella ovata, and S. ovata v. pinnata were quite common at the 
bottom in the river and S. angustata in surface waters of the middle 
plume and the edge of the plume. 
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h. Chlorohpyta 

Green algae comprised between 0.1»5 percent (bottom, station EP) 
and 1.^5 percent (bottom, river) of the total phytoplankton. The 
highest count, 71 units /ml, was recorded from the surface in the edge 
of the plume, and the lowest, 8 units /ml, from the surface in the river. 
Among twelve taxa of the greens identified in the March collections 
(Table 3) only two were found in relatively high numbers. 

'She maximum quantities of Ankistrodesmus spp. (20 to 26 cells /ml) 
were observed in surface samples from stations MP, EI* and Lake. The 
smallest amounts (ca. 3 cells/ml) occurred in the river. 

Bie counts of Oocystis solitaria ranged from 2 col/ml (surface, 
station PP) to 31 col/ml (surface, station EP). 

All other members of the green algae, i.e., C losterium sp., 
Oocystis borgei , Closteriopsis longissima and a few species of the genus 
Scene desmus » were found only occasionally, in low abundance (0.6 to 
6 units /ml). In most cases they were absent from the lake station. 

!L* Qyanophyta 

Blue-greens made up only a very small portion (0.07 percent to 
0.7 1 * percent) of the total phytoplankton. 

Oscillatoria spp. were found in quantities ranging from 1 fil/ml 
(surface, PP) to 12 and 16 fil/ml (in bottom waters of the lake and 
edge of plume stations, respectively). 

Chroococcus turgidus (9 col/ml) and Dactyloccopsis smithii 
(h col/ml) were only observed at the surface in the lake. 

Aphanocapsa spp. (ca. 2 col/ml) were present in the edge of the 
plume. 

6. Chrysophyta 

Dinobryon divergens was found in maximum quantities (13 cells/ml) 
at the bottom in the river. Counts of this entity from other sampling 
depths ranged from 1 to 5 cells /ml. 
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X« IVrrophyta 

Peri dini urn spp. were only present in the river, middle plume 
and edge of the plume, in low abundance (0.8 to h cells /ml). 

8. Flagellates 

This group of algae comprised at least 5*58 percent and at most 
39.6l percent of total phytoplankton. The highest average concentrations 
of flagellates (626 cells /ml) were found in the river, the lowest 
(298 cells /ml) in the edge of the plume. 

Chlamydomonas was present in maximum quantities (2U8 cells /ml) 
at the bpttom of the lake station. The smallest numbers (28 cells /ml) 
were noted at the surface in the river. Average populations of 
Chlamydomonas in the middle plume (115 cells /ml) and edge of the plume 
(112 cells/ml) were of identical sizes . 

Abundance of Crypt omon as sp. decreased from the river (ave. 
k$ cells/ml) to the middle plume (ave. 18 cells /ml) and then increased 
gradually toward the edge of the plume (ave. 28 cells/ml) and lake 
(ave. 39 cells/ml). 

Several entities included in total counts of "undetermined 
flagellates" made up a very high portion of the total flagellates in 
this month's collections. The maximum quantities of this group 
(ave. 535 cells /ml) were found in the river, the minimum (ave. 157 
cells /ml) at the edge of the plume. 
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E. April 17. 1969 

i* Phys i cal-Chemi cal Data 

During several days preceding sampling and on the sampling day 
the wind vas mild and variable. In entering the lake the river plume 
vas forming a bulge over 1 km long and 1 km vide (Fig. le). 

Tables 5e(l) and 6t present the physical data. She surface vater 
temperature decreased from 13.0°C in the river to 1*.0°C in the lake. 
The vertical temperature readings vere uniform in the river, and nearly 
uniform at the EP and Lake stations. A temperature gradient in the 
vater column was observed at station MP, vhere the surface temperature 
(9.0°C) vas 3.5°C higher than at the bottom. 

Secchi disc transparencies varied from 0.5 m in the river to 
h m in the lake. The amount of surface light at disc depth ranged from 
fc.50 percent in the river to lh.O percent in the edge of the plume 
(at 2.8 meters). 

Calculations indicated that the surface vaterjs at the middle of 
the plume contained 26% of the river vater. No river vater vas found 
at station EP. 

Table 5e(2) shovs the average chemical results. The highest 
values, except for dissolved oxygen (maximum at EP 12 „ 5 ppm and Lake 
12.0 ppm) and pH (max, at EP 8.90), vere observed in the river. Bie 
minimum values vere usually found at the edge of the plume. The 
results from lake vater, higher than those from station EP, and in 
the case of silica, higher than in the middle plume, vere influenced 
by particularly high bottom values (e.g., bottom concentrations 
of nutrients, carbon dioxide, alkalinity, sulfate, chloride) or 
surface values (silica), found at the lake station. The individual 
chemical results are presented in Tables 6a-6k. With only a fev 
exceptions (e.g., uniform or nearly uniform at each station, surface 
to bottom distribution of oxygen and pH values) vertical variations in 
the distribution of values of most chemical parameters, at times rather 
pronounced (e.g., nutrients and silica at stations MP, EP and Lake), 
vere observed at all sampling stations. 
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2. Phytoplankton Data 

Figure 6a illustrates the average abundance of total phytoplankton 
and of major phytoplankton groups found in April. The shape of this 
figure (especially the lines for total phytoplankton and diatoms) is 
strikingly similar vith the shape of Fig. 6b, shoving the average values 
of nutrients and silica at the same stations. The highest concentrations 
of phytoplankton in the river (average 7026 units/ml), correspond vith 
the maximum values of phosphate, nitrate and silica, and the smallest 
phytoplankton quantities in the edge of the plume (ave, 2353 cells /ml) 
correspond vith the minimum chemical results found at this station. 
She cell counts of total phytoplankton and diatoms are presented in 
Table 1. Counts of other phytoplankton groups are shovm in Table 3. 

JL- Baci liar i ophy t a 

Diatoms comprised betveen 77. 9T percent (bottom,, station EP) and 
96.09 percent (surface, river) of total phytoplankton in the April 
collections. The highest count, 9037 cells/ml, vas recorded from the 
"bottom in the river, and the lovest, 1218 cells /ml, from the bottom 
in the edge of the plume. The quantities found at all other sampling 
depths ranged from 2227 cells /ml (at the surface in the lake) to 1+108 
cells/ml (at the surface in the river). In all collections the 
Centrales made up a higher, and often much higher, portion of total 
diatoms than the Pennales. In general, the relative abundance of the 
centric diatoms in total phytoplankton decreased, and of the Pennales , 
increased, from the river tovard the lake (Table 2). 

Most of the 15 species of centric diatoms, identified in 
collections from the river, vere found in maximum concentrations at the 
river station, mainly at the bottom. All of them, and especially the 
major dominants in the river phytoplankton, as Stephano3iscus hantzschii , 
Stephanodis cus minutus , Cyclotella meneghiniana v. plana and 
Cm roene ghini ana vere also present in the middle plume, edge of the plume 
and lake, however in quantities usually much smaller than in the river. 
Vith fev exceptions, average counts of these species vere sharply 
decreasing tovard the lake. 
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Kie largest populations of S. hantzschii , and ]5. minutus , found 
at the bottom in the river, were 35**7 and 1297 cells/ml respectively. 
The quantities of the former species found at other sampling depths 
ranged from 33 cells/ml (bottom, station EP) to lUl5 cells/ml (surface, 
river). The average numbers at the lake station (hlh cells/ml), 
were six times smaller than in the river, but were higher than the 
amounts found in the middle plume (275 cells /ml) and edge of the plume 
(178 cells /ml). Similarly the average populations of S. minutus 
in the lake (180 cells /ml), although much smaller than in the river 
(ave. 775 cells/ml), were larger than at the stations; MP (ave. 82 
cells/ml) and EP (ave. 119 cells /ml). 

The abundances of Cyclotella meneghiniana v. plana and of its 
nominate variety £. meneghiniana decreased drastically from the river 
(averages: 1127 cells /ml, and 603 cells/ml, respectively) toward the 
lake (averages: 39 cells/ml, for the former species and k2 cells /ml, 
for the latter). Although the populations of these species in the edge 
of the plume and lake were relatively small, both £. meneghiniana v. 
plana and £. meneghiniana comprised a high portion of total phytoplankton 
at the middle plume station, especially at the surface, ca. 25.0 percent. 
The average populations at the MP station were: k$6 cells /ml, for the 
former species, and 127 cells /ml, for the latter. In the river, at the 
surface, both species made up together 3^.5 percent of the total. 

Melosira granulata was much less abundant than the previous four 
species; an average of 153 cells /ml was found in the river, and of 
k3 cells /ml in the middle plume. The numbers found in the edge of the 
plume and lake ranged 1 to 7 cells /ml. 

The maximum quantity of Stephano discus subtilis : was found in the 
river, at the bottom (100 cells/ml). Rather numerous populations of 
this species ca. ho to 53 cells /ml were present also at 1 and 6 meters 
depth in the middle plume and at the bottom in the lake. Quantities 
of 2 to 9 cells/ml were found in a few other collections from the PP 
(surface), MP (bottom) and EP (bottom) stations. 
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As in £. subtilis , irregular pulses of occurrence were observed 
in the case of Stephano discus tenuis . The average populations in the 
river were 169 cells /ml; however, in the middle plume there were only 
about 15 cells /ml. The maximum count, 222 cells /ml, was found at the 
surface in the edge of the plume while only ca. 6 cells /ml were noted 
at the bottom of the same station. Quantities found at 1^ meters depth 
in the lake (ll6 cells /ml) were much higher than those found at the 
surface (3 1 * cells/ml) and bottom (27 cells/ml). 

A few other species, including Me losira granulata v. angustissima , 
M. varians , Qyclotella kutzingiana and Stephanodiscus astrea, were found 
in maximum concentrations (58 to 110 cells /ml) at the bottom in the 
river. They were present at most of the remaining sampling depths in 
much smaller abundance (2 to 30 cells /ml). 

At least 20 species of the Centrales were found at each of the 
MP, EP, and Lake stations. Six of these entities were absent from the 
river but comprised together a very high portion of the total diatoms, 
in the middle plume, edge of the plume and lake. They were usually 
found in largest abundance in the lake, with maximum populations at the 
bottom. Generally, their average counts were decreasing from the lake 
toward the middle plume, and usually, at each station, the populations 
of any of these species were higher in bottom waters than at the surface. 

The counts of Stephanodiscus alpinus ranged fro:n 133 cells /ml 
(at the surface of the EP station) to klf and 1*30 cells /ml (at the 
bottom and Ik meters in the lake). The average populations in the 
lake {3^7 cells/ml) were higher than in the middle plume (239 cells /ml) 
and oyer twice as large as those in the edge of the plume (lh5 cells /ml). 
Among the six entities which were absent from the river, but abundant 
at stations MP, EP and Lake this species was usually found in the highest 
quantities and made up 5-93 percent to 12. 3k percent of the total 
phy toplankton . 

Stephano dis cus trans ilvanicus was found in similar average 
abundance in the middle plume and edge of the plume (ca. 75 cells /ml). 
The concentrations in the lake (ave. 155 cells /ml) were twice the size 
of those observed at stations MP and EP. 
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The maximum populations of two representatives of the genus 
Melosira * Melosira islandica (V60 cells /ml) and M. italica subsp. 
subarctica (156 cells/ml), were found at the bottom in the lake. The 
minimum quantities, 6h cells /ml, for the former species, and 27 cells /ml, 
for the latter, were recorded from the surface in the middle plume. 

Cyclotella ocellata was present in the lake in average numbers of 
65 cells/ml. Smaller quantities were observed in the middle plume 
(ave. 39 cells/ml) and edge of the plume (ave. 23 cells /ml). 

The counts of Qyclotella stelligera ranged from 3 cells /ml (at 
the bottom, station MP) to 57 cells/ml (at the surface, station EP). 

Few other species of the Centrales were found in some collections, 
at times in rather high abundance. Thus Cyclotella michiganiana was 
very common at the surface in the river (50 cells /ml) and less common . 
in the lake (20 cells /ml). It was absent from the edge of the plume, and 
ca. 7 cells /ml were observed in the middle plume. ( Qyclotella comta 
was present at the MP station in average quantities of 21 cells /ml. 
Smaller numbers (2 to 7 cells /ml) were noted in few collections from 
the other stations . The maximum quantities of Coscinodiscus subsalsa 
were observed at about 6 meters depth in the middle plume (30 cells /ml) 
and in the river (26 cells /ml). Tnis entity was absent from the lake 
station, and only 2 cells /ml were found at the bottom in the edge of 
the plume. 

The Pennales flora was extremely diverse: 232 species were 
identified in the April collections (Tables 2 and lie). As in the 
previous months family Fragilariaceae (5k species) and genera Navi cula 
(60 species) and Nitzschia (2U species) were represented by the highest 
variety of taxa. Total cell counts of the major genera are shown in 
Table 1. 

Large populations of Fragilaria crotonensis ranging from 
ll6 cells /ml (at the surface in the middle plume) to 368 cells /ml 
(surface, ed^e of plume) were found at the sampling depths of the 
MP, EP and Lake stations. Only an average of about 7 cells /ml was 
noted in the river. 
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The counts of F. capucina varied from 5 cells /ml (at the bottom 
in the river) to '1*8 cells /ml (at the bottom in the lake). The average 
numbers in the middle plume, edge of the plume and lake were similar, 
31 to 39 cells /ml. This species was absent from the surface sample in 
the river. Varieties of F. capucina , F. capucina v. mesolepta and 
F. capucina v. lanceolata , were present at all stations in small 
abundance, only the former entity occurred in somevrhat higher numbers 
in two samples from the river and middle plume. 

About 17 other species contributed to the total quantities of 
the genus Fragilaria . Some of them, Fragilaria brevi striata and 
variety, F. brevi striata v. inflate* F« construens and varieties 
£• construens v. binodis , and F. construens v. pumila , F. pinnata , 
F. pinnata v. lancettula and F. vaucheriae v. capitellata , were usually 
common or very common in samples from the river and middle plume. 
The varieties of F. brevi striata ,, F. pinnata and F. vaucheriae v. 
truncata, were also common in the edge of the plume, especially at the 
bottom. Other species such as F. intense di a and its variety F. intermedia 
v * fallax were frequently found in the lake, mainly at lU meters depth. 

Average abundances of the genus Synedra decreased gradually 
from the lake (312 cells/ml) toward the river station (151 cells/ml). 
Among 25 members of this genus identified in April only Synedra ulna 
vas found in large quantities, in all collections. This species made 
up over 90 percent of the total counts of Synedra in the river. Several 
species , either absent from the river, as S. ulna v. chaseana and ]3. fili- 
f oralis, or present there in very small numbers, such as j3. delicatissima 
▼• angustissima , j3. ulna v. danica , and Synedra sp. ( vaucheriae v. 
fragilarioides )* were found in large abundance in the middle plume, 
edge of the plume and the lake. Together with £. uLna they mostly 
contributed to the total quantities of the genus Synedra at the MP, EP 
and Lake stations. Another species, S. ostenfeldii , absent from the 
river, occurred in rather small numbers in the middle plume, but was 
common in the edge of the plume and lake. Sjynedra demerarae and 
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§.• uln& v - spathulifera were present in most collections , but usually 
in small quantities. All other species of this genus occurred 
sporadically and in low abundance, only §_. ulna v. claviceps and 
S. parasitica v. subconstricta were relatively common at the bottom 
in the middle plume. 

Tabellaria fenestrata , representative of the genus Tabellaria 
was found at all sampling depths in the middle plume, edge of the plume 
and lake in quantities ranging from 115 cells /ml (at the bottom, 
station EP) to 256 cells /ml (at the bottom, station MP). In the river 
this entity was present only at the bottom (2 eels /ml). Small 
populations of T. flocculosa (3 to 7 cells /ml) were observed in the 
6 meter sample from station MP and the lk meter sample from the lake. 

Genus Asterionella was mainly represented by A. formosa . 
Isolated pulses of A. f ormos a v. acaroides were noted at the surface 
in the middle plume and at the bottom in the lake. Also A. uracil lima 
was relatively common at lh meters depth in the lake. Average counts 
of the genus from the river (ca. 80 cells /ml) were about twice as high 
as those from any of the remaining stations (30 to Vf cells /ml). 

Maximum concentrations of species belonging to the genus Diatoma 
were found in the lake (ave. ?6 cells/ml). Minimum quantities 
(ave. 19 cells /ml) were observed in the middle plume. Abundances in 
the river and edge of the plume were similar (ave. 32 to 35 cells /ml). 
Diatoma tenue v. e Ion gat urn was present in all collections, with the 
highest numbers at the surface of the edge of the plume and at all 
sampling depths in the lake. Diatoma tenue v. pachycephala was common 
at the EP and Lake stations , but absent from the river and middle 
plume. Rather numerous populations of D. vulgaris were identified 
at the PP and MP stations, especially at 6 meters depth. 

Members of the genus Navi cula were present in large abundance 
in the river, mainly at the bottom (average at the station: 36"0 cells /ml). 
Smaller quantities, with concentrations decreasing with depth were 
found in the middle plume (average 86 cells /ml). Relatively very 
small counts were recorded from the EP (ave. 8 cells /ml) and Lake 
(ave. 13 cells /ml) stations, though the algae of this genus were very 
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diverse (60 species) only several species were present in hi$i or very- 
high numbers, mainly* in the river and middle plume. All of the remaining 
entities were rare or very rare and were usually found in only few 
samples . 

Navicula decussris and a few varieties of N. crypto ceph a and 
£• tripunctata were present in most collections. Among them only 
H. decussis , H. cryptocephala v. intermedia , N. tripunctata and 
£• tripunctata v. schizonemoides were common or very common in the 
river and middle plume. Common at the PP and MP but virtually absent 
from the EP and Lake stations were N. viridula and N. viridula v.. 
linearis . Species such as N. gas t rum and N. capitata were only 
occasionally common in samples from the river or middle plume. Others 
such as N. gregaria, N. integra , N. lanceolata and N. radios a v. 
tenella , although found in most collections, occurred in higher 
numbers only in the river, especially at the bottom. 

The highest count of the genus Nitzschia (193 cells /ml) was 
recorded from the bottom in the river, and the smallest (32 cells /ml) 
from the bottom at the EP station. The entity designated as Nitzschia 
sp. #2 was rery common in all collections and mostly contributed to the 
total quantities of this genus. Present in most samples, however, 
in small numbers were taxa: Nitzschia sp #1, Nitzschi a sp. #6, 
£• acuta, N. amphibia , N. dissipata and N. si^moidea . Occasionally 
somewhat higier pulses of a few of these entities were observed at 
the surface in the edge of the plume (N. dissipata , Nitzschia sp. #6), 
in deeper water in the lake (N. dissipata , Nitzschia sp. #1 and also 
£• Pacata ) or river (N. amphibia ). Two species, N. an&ustata v. 
acuta and N. linearis were common at the bottom in the river but rare 
at the surface, and practically absent from the middle plume, edge 
of the plume and the lake. About 13 other members of 'this genus, 
including N. commit at a , N. acuminata , and N. interrupt a , were 
found sporadically, in small abundance. 

A total of 9** other species of the pennate diatoms derived 
mainly from the benthic community, were identified in this month's 
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collections. A majority of these entities were found sporadically and 
in low abundance. About 30 species occurred in relatively high numbers 
at the sampling depths in the river and middle plume. Most of them 
were members of the genera Achnanthes , Amphora » Cocconeis , Cymbella 
and Gomphonema. 

Common or very common in samples from the river (especially from 
the bottom) and middle plume, but usually absent from the edge of 
the plume and lake (especially from the surface and 6 meters depth), were 
the following species: , 

Achnanthes lanceolata , its variety, A. lanceolata v. dubia and' 
A* clevei ; varieties of Amphora ovalis — A. ovalis v. pedi cuius , 
A. ovalis v. libyca , and A. ovalis v. gracilis ; members of the genus 
Cocconeis — Cocconeis placentula , £. pedi cuius , and a solitary 
representative of the genus, Rhoi cosphaenia cur vat a * Gomphonema olivaceum 
was present at all sampling depths, in particularly high quantities 
in the river, middle plume and bottom of the edge of the plume and the 
lake. 

Some species were only sporadically common in collections from 
the river and middle plume . They were present in small quantities in 
the remaining samples from the same stations, and usually were absent 
from the edge of the plume and the lake. To this group belonged: 
members of the genus Achnanthes — A. hungarica , A. h auckiana , A. hauckiana 
v. rostrata , A. lauenburgiana and A. pinnata ; specieis of the genus 
Amphora — A. ovalis and A. subcostulata ; members of Cocconeis — £. diminuta , 
£• Placentula v. euglypta , C. placentula v. lineata ; representatives of the 
genera Cymbella and Gomphonema — Cymbella sirruata, C.. ventricosa, 
C. turgida v. pseudogracilis (these entities were very common at the 
surface of the MP station), Gomphonema angustatum and its variety 
£• angustatum v. product a ; few solitary representatives of different 
genera as Bacillaria paxil lifer , Caloneis amphisbaen a, Qymatopleura sole a 
and Opephora martyi. All of the above species were usually common at 
the bottom in the river and/or the surface in the middle plume. 
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Tvo other species , Stirirella angustata and Cymatopleura solea 
T - apiculata were present at all stations in small numbers . They were 
rather common at the surface of the edge of the plume, and the former 
entity was also common at lk meters depth in the lake. 

2l* Chlorophyta 

Identified taxa and counts of this group of phytoplankton and 
also of other major groups discussed below are presented in Table 3 
(April 1969 data). Total counts of green algae ranged from 11 units /ml 
(at the bottom in the lake) to 73 units/ml (at the surface of the EP 
station). 

The greens were mainly represented by Ankistrodesmus f alcatus , a 
species found in all collections, except one, from the surface in the 
river. The largest population of this entity was noted at the surface 
of station EP (70 cells/ml), the smallest (7 cells /ml ) , at the surface 
in the middle plume and bottom in the lake. Populations of similar 
sizes (29 to 37 cells /ml) were observed at other sampling depths of 
stations MP and Lake. 

Oocystis solitaria was present in rather high quantity (28 col/ml) 
at the bottom in the river. Much smaller numbers (l to 6 col/ml) were 
found at three other sampling depths at stations PP, MP and EP. 

Few species of genus Scenedesnms were observed in the river and 
middle plume. Among them only £. quadricauda was found in all 
collections (l to 7 col/ml). 

All the remaining members of the green algae, including 
Closteriopsis longissima, Cosmarium sp., Dictyospherium pulchellum, 
Oocystis borgei and Pediastrum duplex, were found occasionally, in 
small abundance (l to 3 units/ml). 

5.* Qyanophyta 

Blue- greens constituted a very small portion of the total 
phytoplankton. They were not found at the surface in the river, and the 
counts at the remaining sampling depths ranged from 2 units /ml (at the 
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bottom, station PP) to 13 units /ml (at ih meters, in the lake). 
Oscillatoria spp., present at all stations (2 to 12 filaments /ml), and 
also Aphanocapsa spp. and Dactyloccopsis smith ii noted in few samples 
(1 to k col/ml) were the only representatives of this group. 

6. Chrysophyta 

Dinobryon divergens was the only member of Chrysophyta found 
in April. The maximum populations, 62 and 1»9 cells /ml, were recorded 
from about 6 meters depth at stations MP and PP, respectively. The 
minimum quantities, 10 to 12 cells /ml, were found in bottom waters 
in the lake and the middle plume, dis species was absent from the 
surface in the river. 

X* forrophyta 

Maximum concentrations of Peridinium spp. (5^ to 69 cells/ml) 
were observed at the bottom in the edge of the plume and lake. Smaller 
amounts (l to 28) were found in few other samples. 33iese phytoplankters 
were absent from the river and the surface of station MP. 

8. Flagellates 

Chlamydomonas sp. , Cryptomonas sp. , Euglena spp. and a group of 
undetermined flagellates comprised together between 3.6l percent and 
19*39 percent of the total phytoplankton in April collections. The 
highest quantities of flagellates (average 1*21 cells /ml) were found 
in the lake. Average concentrations of similar sizes (ca. 388 jells/ml) 
were observed in the river and middle plume. Smaller abundances 
(ave. 28** cells /ml) were found in the edge of the plume. 

Populations of Chlamydomonas ranged from 21 cells /ml at the 
surface in the river to 289 cells /ml at the surface in the lake. 

ftie average concentrations of Cryptomonas decreased gradually 
from the river (69 cells/ml) toward the lake (27 cells /ml). 
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Maximum count of Euglena spp. (13 cells /ml) was found at the 
surface in the river. Smaller numbers (2 to 7 cells /ml) were observed 
at fev other sampling depths of stations PP, MP and Lake. 

A group of undetermined flagellates was found in highest amounts 
(ave. 215 cells /ml) in the lake. Quantities in the fiver (ave. 17fc 
cells /ml) and edge of the plume (ave. 158 cells /ml) were similar and 
somewhat higier than in the middle plume (126 cells /ml). 



-59- 



?. May 29. 1969 

i* Physl cal-Chemi cal Data 

The river plume vas turning slightly toward the north. The 
vinds were mild, 9 nph , from the SSE. Figure If illustrates the 
location of the sampling stations. 

Hie physical data are presented in Tables 5f(l) and 61. Surface 
vater temperature decreased from 19 °C in the river to 10.5°C in the 
edge of the plume and at the lake station which was located 5 km from 
shore. There was no vertical temperature difference in the river. 
At the remaining stations (MP, EP, LAKE) the surface readings were 
slightly higher than those at the "bottom and intermediate depths , and 
much lower, at least 7-5°C, than in the river. 

Secchi disc transparencies ranged from 0.7 m in the river, where 
the water was dirty, yellow-brown, to k.5 m in the clear, yellowish- green 
lake water. The highest amount of surface light at Secchi depth , 
3.2#, was noted at station PP, the lowest, O.M#, at station EP 
(at U m). 

Calculations indicated that the surface waters at station MP 
contained 20# of river water. 

Table 5t(2) shows the average chemical results. Except for 
dissolved oxygen, which had the highest values (10.3 ppm) in the edge 
of the plume and lake, and pH with similar results (8.7 - 8.8) at all 
stations , the average values observed in the river were greater than 
at the remaining stations. Considerable reduction of these values 
vas noted at station MP in comparison with PP, and a less pronounced 
decrease at the EP and Lake stations as compared with MP. Total 
alkalinity average results were higher at the edge of the plume than 
at the middle plume and lake. 

Tables 6*a-6k present the values of the eleven chemical parameters 
obtained at various depths of the May stations. Observation of these 
tables reveals similar patterns in the vertical distribution of values 
for most chemicals in the middle plume and edge of the plume on one 
hand, and at the river and lake stations on the other. In the mixing 
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water region (MP, EP) the values for most parameter at the surface, 
or at 5 meters depth, were higher than those at the bottom. In the 
river and lake the concentrations were either increasing with depth 
(e.g., silica, nitrate, carbon dioxide) or they were vertically 
uniform or nearly so (e.g., pH, oxygen, chloride, alkalinity). 
Different only in the river, from the lake, was the distribution of 
sulfate and turbidity; the surface values in the river were higher than 
those in bottom waters , while in the lake the concentrations were 
increasing with depth. 

As during the previous months , particularly striking was the quick 
disappearance of phosphates from the river toward the lake. While in 
the river the values were high (ave. 39. ^ ppb), only minute amounts of 
orthophosphate (0.2 to 3.8 ppb) were noted at the bottom of the middle. 
plume, at 5 meters depth and bottom of the edge of the plume, and at 
all sampling depths in the lake. The values in top waters at MP and EP 
were somewhat hi^ier (7- 1 * to 12.7 ppb). 

2. Phytoplankton Data 

Figure 7a illustrates the average counts of total phytoplankton 
and of major phytoplankton groups. The average quantities of total 
phytoplankton and diatoms decreased from the river toward the lake by 
a factor of three. For comparison Figure 7b shows the corresponding 
decrease of average values of nutrients and silica. 

The two highest total phytoplankton cell counts, remarkably similar, 
were found at the surface of station MP, 6587 units/ml, and at the 
bottom in the river, 652h units /ml. The smallest count, I5U6 units/ml, 
was recorded from the surface in the lake. Within station MP (except 
at the surface), EP and LAKE, the population densities at various 
segments of the water columns were of similar sizes , particularly uniform 
were total diatoms concentrations in the lake, at the surface and 
bottom of station EP, and at the 5 meters depth and bottom of station MP. 
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if Bacl liar lophy ta 

Diatoms comprised between 5^86% and 86.73$ of total phyto- 
plankton in the May collections. The maximum counts corresponded with 
the peaks of total phytoplankton, and were recorded from the bottom 
in the river (5658 cells/ml) and from the surface of station MP (5611 
cells/ml). The minimum quantities were found- in the lake, especially 
at the surface (1073 cells/ml). At stations PP, MP, and EP, centric 
diatoms dominated total diatoms populations. In the lake, pennate 
diatoms made up a higher portion of total diatoms than the Centrales. 
In general, the percent composition of the Centrales decreased, and 
of the Pennales increased from the river toward the lake. Diatoms, 
cell counts and the relative abundance of diatoms in total phytoplankton 
are presented in Tables 1 and 2. 

Several species of the centric diatoms were very abundant in 
the river phytoplankton: Qvclotella meneghiniana v., plana, C. mene - 
ghiniana, Stephanodiscus sub ti lis, S. tenuis, S^. han'tzschii, S . minutus, 
Melosira granulata v. angustissima and M. granulata ,, They were usually 
found in a high abundance also in the river plume area, mainly at 
station MP. Few of them were common (£. meneghinian a v. plana, M. 
granulata) or abundant (S^. hantzschii ) in the lake, but in general, 
their average quantities decreased very sharply from the river toward 
the lake station. The average counts of these species in the river 
ranged from 98 to 106h cells/ml, while in the lake h to 26 cells/ml. 
Only S. hantzschii was present at the lake station in large -quantities, 
ave. 96 cells /ml. It was noted that in most cases, populations of any 
of these species at all four stations, and especially at MP and EP, 
were decreasing with depth. Among these phytoplankters few occurred 
in particularly large numbers, and dominated populations of the 
Centrales in the river. 

Maximum quantities of qyclotella meneghiniana , v. plana 
(1338 cells /ml) and C. meneghiniana (889 cells /ml) were found at 
station PP, at the surface and bottom, respectively. Average 
abundance of the former entity in the middle plume (2*J0 cells /ml) 
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and edge of the plume (176 cells /ml) decreased several fold in 
comparison with the river station (ave. 106U cells /ml), and the amounts 
found in the lake (ave. 26 cells/ml) were relatively very small. The 
latter species was present in large quantities (ave. 170 cells /ml) 
also in top waters in the middle plume, but the counts from all other 
sampling depths at stations EP, LAKE and the bottom at MP ranged 
1 to 15 cells /ml. 

Average concentrations of Stephanodiscus subtilis in the river, 
796 cells /ml, decreased to 217 cells /ml in the middle plume. Average 
populations of about 18 and k cells /ml were found at stations EP 
and Lake respectively. 

Highest counts of £. tenuis were recorded from the surface of 
station MP (5l6 cells/ml) and bottom of PP (l»8l cells/ml). Quantities 
about twice smaller were found at the surface in the river. Populations 
at the edge of the plume (ave. 15 cells /ml) and lake (ave. 11 cells /ml) 
were as small as those of the two former species observed at the same 
stations. 

fb hantzschii comprised a higi portion of total phytoplankton 
at all four stations , especially in the upper segments of the water 
columns (ave. 6 to lk%). Largest abundance was observed at the surface 
in the middle plume (663 cells/ml). Average numbers in the river and 
middle plume (321 to 369 cells /ml) were higher than at station EP 
(259 cells /ml) and Lake (96 cells /ml). 

Somewhat less abundant in the river were: S. minutus (ave. 
159 cells/ml), Melosira granulata v. angustissima (ave. 201 cells /ml) 
and M. granulata (ave. 98 cells /ml). Identical populations of the 
first entity (ave. 39 — *»2 cells /ml) were found at stations MP and 
EP, and smaller (ave. Ik cells /ml) in the lake. Average quantities 
of the two latter species in the middle plume were very much alike 
(about 108 cells/ml). Both species were present in the lake in a much 
lower abundance (ave. 2h cells /ml for M. granulata and ave. 8 cells /ml 
for M, granulata v. angustissima ) . 
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Another species , Steph anodi s cus alpinus , was common at all 
stations, with maximum numbers (12U cells /ml) at the "bottom in the 
edge of the plume, and minimum (ca. l6 cells /ml) at the surface of 
stations MP and LAKE. Average populations of this entity in the river 
and lake were of the same density (ca. k2 cells/ml) and smaller than 
at MP (ave. 6l cells /ml) and EP (ave. 89 cells /ml). 

Several species of the centric diatoms were absent from the 
river, but were common and sporadically abundant in the middle plume, 
edge of the plume and lake. Their highest quantities were usually 
found at stations MP and EP. It should he noted here that while 
at the sampling depths in the river plume area (MP, EP) the dominant 
species of the Centrales were usualy the same as in the river 
(C. meneghiniana v. plana , C. meneRhiniana , j3. hantzschii ), at 
the lake station, the Centrales were mainly represented by Stephanodiscus 
binderanus , Khizosolenia gracilis and R_. eriensis » entities not found 
in the river, as well as by S^. hantzschii and S_. alpinus , which were 
present in the river. 

Among the species found only at stations MP, EP and LAKE, the 
most abundant one was S^ binderanus » with maximum concentrations at 
the surface in the middle plume (593 cells /ml), and minimum numbers 
(2k to 39 cells/ml) at 5 meters depth and surface of stations MP and 
EP, The average populations of this species in the edge of the 
plume (129 cells/ml) were twice smaller than in the middle plume 
(267 cells /ml), and those at the lake station (6l cells /ml) were twice 
smaller than at EP. 

S. trans ilvanicus was very common [h2 cells /ml) at 1 and 5 meters 
depths in the middle plume. Smaller counts (2 to 25 cells /ml) were 
found at all other sampling depths at stations MP, EP, and Lake. 

Both Melosira islandica and M. italica subsp. subarctica 
were found in similar average densities (17 to 23 cells/ml) at all 
three stations. The former entity was observed also in the surface 
collection from the river (3 cells /ml). 
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Rhizosolenia gracilis and R. eriensis were present at the 
surface of station MP, at 5 meters and the bottom of station EP, 
and at all sampling depths in the lake. Highest total concentrations 
of both species (ave. 65 to 100 cells /ml) vere noted at the surface 
and 10 meters depth in the lake and at the surface in the middle plume. 
Smaller quantities (h to 35 cells /ml) were found in the bottom waters 
at EP and Lake. 

Isolated high counts of Melosira granulata v. spiralis 
(258 cells /ml) and Qyclotella pseudostelliRera (15^ cells /ml) were 
observed at the surface in the middle plume. She former species was 
also present in a few samples from EP and LAKE (6 to 32 cells/ml). 
The latter was found in most other collections (2 to 20 cells /ml). 
Another species , Qyclotella ocellata was absent from the river but 
present in average densities (ca. Ik cells /ml) at MP, EP and Lake. 
Few other centric diatoms were sporadically very common in this 
month's collections, including those from the river. 

Highest counts of £. comta (105 cells /ml) and C. kutzingiana 
(35 cells /ml) were found at the surface in the river. Quantities of 
both species, about half the size of those at the surface, were 
observed at the bottom of the same station. Both entities were present 
in most samples from the other stations (l to 19 cells/ml). 

Melosira varians occurred in high quantities at the surface 
in the middle plume (1^0 cells /ml) and the bottom in the river 
(ill cells /ml); it was absent from the surface in the river and lake. 
Counts at the remaining sampling depths of stations MP and EP ranged 
from k to 18 cells/ml. 

Qyclotella stelligera was present in the river in an average 
abundance of 20 cells /ml. The maximum count, 86 cells /ml, was 
from the surface of station MP. Numbers in a te\r other collections 
from the middle plume and lake were much smaller (l to 9 cells/ml). 

Coscinodiscus subsalsa was rather cannon (15 cells/ml) in only 
the sample from the surface in the river. 
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Pennales in May were represented by 226 taxa, the majority of 
which belonged to the family Fragilariaceae (59 taxa), the genera 
Navicula (52 taxa), Nitzschia (25 taxa) and Achnanthes (17 taxa)^ 
(Tables 2 and l»f). Except for the members of the genus Achnanthes » 
these algae contributed largely to the numerical abundance 
of the pennate diatoms (Table l). 

Pennales were found in similar average densities at the river 
station (91** cells/ml) and in the middle plume (980 cells/ml). 
Concentrations in the edge of the plume (ave. 758 cells /ml) and lake 
(ave. 73** cells/ml) were almost identical. Hie highest count 
(lkQ6 cells/ml) and the lowest (538 cells /ml) were reported from 
the same station in the middle plume, from the surface and 5 meters 
depths respectively. 

Maximum total quantities of species belonging to the genera 
Fragilaria and Diatoma were found either at stations MP, EP or in 
the lake. Minimum quantities were observed in the river. 

She highest populations of F. crotonensis ranging from 105 to 
128 cells /ml, were observed at the surface and bottom in the middle 
plume, and at the surface in the edge of the plume. The average 
quantities decreased slightly from station MP (99 cells /ml) toward 
the lake (60 cells/ml). Only ca. 9 cells /ml were noted at the surface 
and bottom in the river. 

£• capucina was found in largest abundance at the bottom in the 
lake (ll»8 cells /ml). Counts ranging from 32 to 115 cells/ml were 
recorded from all other sampling depths except these in the river, 
where the average concentration of this entity was about 17 cells /ml. 
Z.- capucina v. mesolepta was relatively common in the middle plume 
and lake, especially in the middle segments of the water columns. 

Among 19 other members of the genus Fragilari a» few, F. 
brevi striata , F. vaucheriae v. truncata and Fragilaria sp. #6 were 
common at all sampling depths of stations PP, MP and in the surface 
waters at station EP. Ihey were practically absent from the lake. 
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Fev varieties of F. construens were identified from collections 
from the river and the river plume area (MP, EP). The nominate variety, 
'• construens vas common at station MP and in surface waters in the 
river and edge of the plume. Common at MP was also F. construens v. 
binodis. 

Bather common occasionally in samples from the river and middle 
plume were: F. pinnata , F. pinnata v. lancettula and F. intermedia . 
Fragilaria intermedia v. fall ax occurred only in the middle plume, 
and was common at all sampling depths. 

Members of the genus Diatoma were found in similar average 
amounts (ca. 52 cells/ml) at stations MP and EP. Somewhat smaller 
quantities (ave. fcl cells /ml) were present in the lake, and still smaller 
(ave. 25 cells /ml) in the river. Diatoma tenue v. e Ion gat urn and 
£• tenue v. pachycephala were absent from the river, hut made up the 
majority of total numbers of Diatoma in the middle plume, edge of the 
plume and lake. In the river, the genus was represented by D. vulgaris , 
D. tenue and D. ehrenbergii . Diatoma vulgaris was found in a higher 
abundance than the two latter entities, it was also relatively common 
in the middle plume and rather rare at station EP. 

Highest quantities of the genus Synedra (ca„ 227 to 268 cells /ml) 
were found at 10 meters depth in the lake, at the surface in the middle 
plume, and at the bottom in the river. The average abundances decreased 
somewhat from the lake station (193 cells /ml) toward the river (ave. 
150 cells /ml). 

gynedra delicatissima v. angustissima was common at all sampling 
stations, with concentrations increasing with depth, Synedra ulna 
vas common in the river, and in top waters at stations MP, EP and 
in the lake. Very common in the middle plume, edge of the plume and 
lake, and rare in the river, were S. ulna v. chaseana and S. ulna v. 
danica . Somewhat less abundant at the same stations were Synedra sp. 
( vaucheriae v. fragilarioides ) and S_. filiformis . A variety of the 
latter entity, S_. filiformis v. exilis , was present in most collections, 
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usually in low abundance, however, it was very common at the "bottom 
in the river, in contrast to the nominate variety, which vas found 
there in only small numbers • Common at the surface and bottom in 
the river was S. acus. It was also present in few samples from the 
other stations, in much smaller quantities. Few other species were 
found rather commonly in the river collections, either from the bottom 
(§.• fasciculata , S. ulna v. contracta and ]5. ulna v. constrict a ) 
or from the surface (S. ulna v. claviceps and S. ulna v. spathulifera ) . 
Sfcey were usually rare at stations MP and EP, except for the latter 
species which was present in relatively high numbers at the 5 meter 
depth and bottom in the middle plume. Other members of this genus, 
** §.• parasitica and its variety Su parasitica v. s ubconstri ct a , 
S. demerarae and S^. delicatissima, were rare in samples either from the 
river i middle plume or edge of the plume. One more species, S.. 
ostenfeldii was quite common in the upper segments of the water columns 
at stations EP and Lake. 

Tabellaria fenestrata was absent from the river. Populations 
of this species at stations MP, EP and in the lake wre generally 
increasing with depth. The highest count, 319 cells/ml was found at 
the bottom in the lake, the smallest (100 cells /ml) at the 5 meter 
depth in the middle plume. The average quantities at all three stations 
were remarkably similar (198 — 207 cells /ml). Another representative 
of this genus, T. flocculosa was rather common (11 to 31 cells /ml) at 
the bottom of station EP and at all sampling depths in the lake. Lower 
abundance (k to 7 cells /ml) was observed in the middle plume. 

Unlike the genera of the pennate diatoms discussed above, whose 
average abundances decreased more or less gradually from the lake toward 
the river, the average quantities of the genera Asterionella , JTavicula 
and Nitzschia decreased rather sharply from the river or middle plume 
toward the lake. 

The highest count of Asterionella , 3M cells /ml, was found at 
the bottom in the river, the smallest, ca. 18 cells /ml, at the bottom 
in the middle plume and at the surface in the lake. Bie average 
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concentrations in the river vere 270 cells /ml, in the middle plume 
71 cells /ml, and at the lake station only 33 cells /ml. 

A. formosa vas present in all collections, and made up the 
majority of the total numbers of this genus. A. bleakeleyi vas 
absent from few collections, however it was very common in the 
river, at 5 meters depth of station MP, and 10 meters depth in the 
lake. A. gracillima occurred rather abundantly at the bottom in 
the river and the surface of station MP , . and A . formos a v. acaroides 
vas identified in only one sample from the 5 meter depth at station MP. 

Average abundance of the genus Navicula in the river was l6l 
cells /ml. Equally large quantities, 151 cells /ml, were found at the 
surface in the middle plume. Counts at all other sampling depths 
ranged from 1 to 22 cells /ml. An average of ca. 3 cells /ml was 
recorded from the l,ake station. 

N. tripunctata and its variety N. tripunctata v. schizonemoides 
vere very common in the river, and present in lower abundance in the 
middle plume and in top waters at the edge of the plume. Another 
variety, N. tripunctata v. cuneata was rather common at station PP, but 
vas rare at MP and EP. Almost equally abundant as N. tripunctata 
in collections from stations PP, MP, and EP, was N. d e cuss is . All 
four species were practically absent from the lake st sit ion and the 
bottom of station EP. Navicula gregaria, N. capitata , N. cryptocephala 
and its variety, N. cryptocephala v. intermedia were found commonly 
in the river, especially in bottom waters, and at the surface of 
station MP. The last entity was present in most samples, except those 
from the lake, but usually in very small numbers. Very common in the 
river and rare at MP and EP was N. lanceolata . Somewhat less common 
in the river, and absent from the other stations was N. radios a v. 
tenella . 

Several species, N. gastrum, N. heuf leri , N. vi ridula , N. 
viridula v. avenacea and N. pupula were present in most collections 
from stations PP, MP, and EP, usually in low numbers. Only occasionally 
they* were found in rather high quantities , especially at the surface 
in the river. 
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All the remaining members of this genus identified in May, 
including varieties of N. capitata and N. pupula , N. reinhardtii , 
lb elginensis , N. integra , N. latens and others , were found 
sporadically, and in small amounts. 

Maximum abundance of the genus Nitzschia , 2 1*3 cells /ml, was 
observed at the surface in the middle plume. The average quantities 
in the river (125 cells/ml), vere lower than at station MP (191 
cells/ml), but much higher than at EP (86 cells/ml) and Lake (33 
cells/ml). Total concentrations of Nitzschia throughout the water 
columns within each station, MP (except surface), EP and LAKE, 
vere remarkably similar. 

The entity designated as Nitzschia sp #2 was \-ery common at 
most sampling depths, particularly in the surface waters at MP, EP 
and LAKE. It was much less abundant in the river than at the other 
stations. Absent from the surface in the river, but common at the 
bottom, common in the middle plume, edge of the plume, and present 
in smaller numbers in the lake was N. acicularis. Two other entities , 
IL* fracata and Nitzschia sp. #l t were absent from the river and present 
in all other collections, often in high abundance. N itzschia amphibia 
was found at stations PP, MP and EP, with maximum numbers in the 
river. Nitzschia dissipata occurred in relatively high quantities 
in the river and at the surface of station MP. Its variety, N. dissipata 
v. media was much less common in the river. Nitzschia sp #6 and 
IL* PQlea vere common at the bottom at station PP, and present in higher 
numbers at the surface in the middle plume. Common at the bottom in 
the river were N. linearis and H. hungarica . 2he latter species was 
also common in the bottom waters in the middle plume. Both entities 
vere rare in few other collections from PP, MP and EP,, Most of the 
remaining representatives of this genus, even if present in most 
collections (N. recta), were found in very low quantities. 

Species belonging to such genera as Achnanthes ,, Amphora » 
Cocconeis , Qymbella , Gomphoneraa and others (represented usually 
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fcy few species), showed similar patterns of distribution to those 
observed in the previous months. Generally they were found in largest 
abundance in the river, in smaller quantities in the middle plume 
and edge of the plume, and were rare in the lake. 

In most cases very common in the river, and somewhat less 
abundant at MP and in top waters at station EP were: A ehnanthes 
lanceolata v. dubia, A. lanceolata . A. clevei , Amphora ovalis v. 
pedi cuius . Cocconeis placentula , C. placentula v. euglypta, 
Rhoicosphenia cur vat a and Gomphonema olivaceum . Ihese entities were 
rare in some collections from the lake. 

Somewhat less common in the river and middle plume, found 
in higher quantities in bottom waters, and absent from the lake were: 
Cocconeis pedi cuius , C. thumensis , and Opephora martyj ,. Cymbella 
ventricosa was also common in the river and at MP, especially at the 
surface. 

Common or very common in the river and most of the time rare at 
stations MP and EP were: Amphora ovalis , A. subcostulat a and Cocconeis 
placentula v. line at a . 

Several species such as Aehnanthes hauckiana v. rostrata, 
£.• hungarica , A. lauenburgiana , Amphora ovalis v. gracilis , Acphipleura 
pellucida , Surirella angustata and Bacillaria paxillife r were only 
sporadically common either in the river, the mixing water region or 
in the lake. 

k. Chlorophyta 

Green algae comprised between 3.08# and 9.lU# of total 
phytoplankton (Table 3)« She average abundances decreased from the 
river toward the lake. The highest total count, 353 units /ml, was 
found at the surface in the river, and the lowest, 1*7 units/ml, at the 
surface in the lake. 

Most abundant and present in all samples were An kistrodesmus 
falcatus (maximum ca. 97 cells /ml, at the surface and 5 meters, 
station MP) and Dictyospherium pulchellum (max. ca. 79 colonies/ml, 
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at the surface and bottom in the river). Hie smallest quantities of 
both species were found in the lake (33 cells /ml — for the former 
species, and 1 col/ml — for the latter). 

Among 15 species of genus Scenedesmus included in counts, 
onfy §.• abundans and IS. quadricauda were found in practically all 
samples. Their highest numbers , 27 to 6l col/ml were found in the 
river, especially at the surface. Lowest quantities (l to 7 col/ml) 
were observed in the lake and in deeper waters at stations MP and 
EP. Three other species of Scenedesmus « £. dimorphus » S. incrassatulus 
and S. opoliensis » were present in the river, middle plume and at the 
surface of station EP and bottom in the lake. Their total counts ranged 
from 0.6 col/ml (bottom, lake) to ca. 17 col/ml (river). Other 
mmembersof this genus were present sporadically at stations MP, EP 
and in the lake, in low abundance (l to 6 col/ml). 

The genus Oocystis was represented mainly by 0. solitaria , 
found in maximum quantities (17 to Uk col/ml) in the surface waters 
in the river, middle plume and edge of the plume ^ Another species, 0. 
borgei « was present at all stations in small amounts (l to 2 col/ml). 

Coelastrum sphaericum was very common (51 col/ml) at the 
surface in the middle plume, and less abundant (l to 11 col/ml) at 
other sampling depths at stations PP, MP, EP and at the surface 
in the lake. 

Actinastrum hantzschii was present (l to 11 cells /ml) at stations 
PP, MP and EP, and Quadrigula lacustris (l to 8 col/ml) at stations 
MP, EP and in the lake. 

All the remaining greens were found sporadically, usually in 
small numbers (l to 8 units/ml). 

5.- Qy an ophyt a 

Oftis group made up a small portion of total phy toplankton , 
at most 1.23 percent. 

Oscillatoria spp. were found at all sampling depths , with 
highest concentrations, ca. 20 fil/ml, at the surface and bottom 
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in the middle plume, 5 meters depth in the edge of the plume, and 

10 meters depth at the lake station. Populations present at all other 

sampling depths ranged 7 to 11 fil/ml. 

A higher count of Aphanizomenon flos- aquae (20 fil/ml) was 
observed at 5 meters depth of station MP. Smaller numbers (6 fil/ml) 
vere found in "bottom waters at the same station and at the surface 
of station EP (2 fil/ml). 

Aphanocapsa spp. , Chrococcus minutus and Phormidium spp. 
(ca. 2 units /ml) were noted in solitary samples either from station 
MP, EP or Lake. 

6. Chrysophyta 

Dinoforyon diver gens was found in all collections but one, 
the bottom in the edge of the plume. Highest counts; were found -at the 
surface (117 cells /ml) and bottom (8l cells /ml) in the river. Lowest 
abundance (2—8 cells /ml) was observed in the lake and in deeper 
water of stations MP and EP. 

Mallomonas spp. were absent from the river but were common 
(17 — *»6 cells /ml) in most samples from the other stations. 

Tribonema sp. was noted in deeper water at MP' and EP (ca. 
U cells/ml). 

X* ffyrrophyta 

Peri dini urn spp. were found in numbers ranging from h to 37 
cells/ml. Maximum concentrations (25 — 37 cells /ml) were found in 
deeper water at stations MP, EP and in the Lake. Minimum quantities 
(k — 6 cells /ml) were observed at the surface in the river and 
middle plume. 

8. Flagellates 

Percent composition of flagellates in the total phytoplankton 
varied from 7-36 percent (bottom, river) to 36.65 percent (5 meters, 
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EP). Maximum abundance (91^ cells /ml) was found at 5 meters depth 
In the edge of the plume. Lowest count (33*» cells /ml) was recorded 
from 10 meters depth in the lake. 

Average populations of Chlamydomonas increased significantly 
from the river (19 cells/ml) toward the edge of the plume (kkj 
cells/ml). In the lake (ave. 256 cells /ml) they were of similar 
size as those observed in the middle plume (ave. 283 cells /ml). 
At each station, higher concentrations of these organisms were found 
in deeper water. 

Abundance of Cryptomonas decreased from the river (ave. 327 
cells /ml) toward the lake (ave. 66 cells /ml). 

A few entities included in total counts of undetermined 
flagellates were found in large abundance at stations; PP, MP and 
in the lake. The maximum concentrations (2^7 cells /ml) were recorded 
from the surface in the middle plume, the minimum (37 cells /ml) 
from the bottom in the edge of the plume. Highest counts at each 
station were found in surface waters. 

Euglena spp. , Pteromonas sp. and Phacus sp. occurred at few 
sampling depths, in small quantities (2—8 cells/ml). 
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0. June 23, 1969 

i* Physical-Chemical Data 

For about one week preceding the sampling day, and at the 
start of sampling, the winds were from the southeast onto the lake. 
Hie river plume was turning slightly toward the north. During the 
sampling hours, the winds changed direction 360 degrees to the 
northwest, and in entering the lake the plume was forming a bulge 
(Fig. lg). 

Table 5g(l) shows the physical data. Surface water temperature 
decreased from 18.8°C in the river to 13. 1°C at the lake station, 
located 2.7 km west from the piers. In the river the vertical 
temperature readings were uniform. Temperature gradients were observed 
at stations MP, EP and in the lake, where i;he bottom readings were 
lower (1.9 to U.2°c) than those at the surface (Table 6l). 

Secchi disc depth increased gradually from 0.7 m in the river, 
to 3.5 m in the lake. The highest amount of surface light (15 percent) 
at disc -depth, was noted in the river. 

In the mixing water area, at stations MP and EP, 27 percent 
and 20 percent content of river water was detected at the surface. 

Table 5g (2) shows the average chemical results. As during 
the fall and spring sampling periods, the highest values for all 
parameters, except dissolved oxygen (max. 10.5 ppm at. EP) and pH 
(maxima ca. 8.78 at both PP and Lake stations), were found in the 
river, and the lowest, in the lake. Also, as was observed during 
the previous months, the values from the middle plume showed a drastic 
decrease in comparison with the river concentrations. Total alkalinity, 
sulfate and chloride decreased on the average by a factor of two, 
orthophosphate by a factor of twelve, silica more than five times, 
and nitrate more than three times. However, the average values of 
nutrients, silica, and alkalinity found at the edge of the plume 
were somewhat higher than those from the middle plume, due to either 
higher surface (phosphate, alkalinity) or bottom results (silica, 
nitrate). 
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Exami nation of Tables 6a -6k (June, 1969 data) reveals rather 
pronounced differences within water columns at any one station between 
the surface and the bottom concentrations of individual chemicals. 
Only oxygen content, pH, carbon dioxide and alkalinity showed, in 
most cases, little or no variation in the vertical distribution of 
values. All the remaining parameters at the river and lake stations, 
except turbidity, in the river, and except chloride and phosphate 
in the lake, had surface concentrations lower than those at the bottom. 
Conversely, in the middle plume and edge of the plume, the chemical 
values were decreasing with depth. 

Especially noteworthy were the results for silica and ortho- 
phosphate. Very low silica concentrations were found at the bottom 
in the middle plume (O.kj ppm) and at the surface in the lake (O.38 ppm). 
Complete depletion of phosphate was observed in bottom waters of both 
EP and Lake stations, and only minute concentrations (0.9 to lA ppb) 
were found at the surface in the lake and at 5 meters depth and bottom 
of station MP. 

5, • Phytoplankton Data 

Highest counts of total phytoplankton were recorded from the 
river station with the maximum of 12619 units/ml at the surface. 
Lowest counts were found in the lake with the minimum of 21^7 units /ml 
at the bottom. Numbers in the middle plume were on the average 2.6 times 
smaller compared with those in the river (ave. at PP 11679 units /ml). 
In the edge of the plume, the average concentrations (^303 units/ml) 
were only slightly smaller than in the middle plume. The average 
counts from the lake station (22J& units/ml) were five times smaller 
in comparison with the river counts. At each station, total populations 
in surface waters were higher than those at the bottom. Figure 8a 
illustrates the drastic reduction of total phytoplankton, diatoms, 
greens and flagellates from the river toward the lake. For comparison, 
Fig. 8b shows the average nutrients and silica values obtained at the 
same stations. 
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JL # Bacillariophyta 

In the June 1969 samples, diatoms constituted between 7h.k9 
percent and 9 s * S^ percent of total phytoplankton. Diatom maxima 
and minima corresponded with those of total phytoplankton; the 
highest count, 9^7^ cells/ml, was recorded from the surface in the 
river, and the lowest, 1851 cells /ml, from the bottom at the lake 
station. In the river, and in top waters at stations MP and EP, centric 
diatoms comparised a higher portion of the total diatom numbers than 
the Pennales. In the bottom waters at MP and EP and in the lake, 
the relative abundance of Pennales was higher (or about identical, 
bottom EP) than of the Centrales. Diatom cell counts and the relative 
abundance of diatoms in the total phytoplankton are shown in Tables 1 
and 2. 

Among 15 species of the centric diatoms identified in collections 
from the river, most were found in very high or high abundance. Even 
the least numerous species were present in relatively large quantities 
(ca. 25 to 70 cells/ml). In general their average populations were 
decreasing from the river toward the lake. Particularly drastic 
decrease was observed from the river toward the middle plume. At MP 
and EP the populations were often of similar sizes, although usually 
they were lower at the EP. Sharp decrease was noted again from the 
edge of the plume toward the lake. In most cases, at stations PP, MP, 
EP and to a lesser degree in the lake, higher concentrations of any of 
these species were found in surface waters. 

As during the fall months, Cyclotella meneghiniana v. plana, 
Melosira granulata v. angustissima and M. granulata dominated by far 
the total diatom quantities in the river. Maximum counts of these 
species were respectively: 3077 and 50^1 cells /ml, found at the surface, 
and 828 cells/ml,, at the bottom. Minimum numbers of the two latter 
entities, at the surface in the lake were rather high, 10^4- and 
75 cells /ml, while those of C, meneghiniana v. plana were much smaller: 
11 cells /ml at the surface, (ave. 19 cells /ml). M. granulata v. 
angustissima was present in much higher abundance at station MP 
(ave. 1009 cells/ml) and EP (ave. 9**8 cells/ml) than the other two 



-77- 



species. Average quantities of C. meneghiniana v. plana and 
H* granulata at MP vere similar, 286 and 2gk cells/ml. At EP 
the numbers vere: 215 cells/ml for the former species, and 
3Qk cells/ml for the latter. 

Several other species, although abundant in the river, were 
found in much smaller quantities than the three above phytoplankters . 

Counts of Stephanodiscus hantzschii ranged from 236 cells /ml 
in bottom waters at station PP to ill- cells /ml at the bottom in the 
lake. Rather high numbers were found at MP (ave. 91 cells ml) and 
EP (ave. 80 cells /ml). 

Average populations in the river of Stephanodiscus tenuis, 
§L* suotilisj S_. astrea, S. minutus, Melosira varians and Cyclotella 
meneghiniana varied from 57 to 289 cells/ml. Their average 
concentrations in the mixing water area, at stations MP and EP, 
vere much smaller (ll to 30 cells/ml). Still lower abundance of 
these species was observed at the^ lake station (ave. 1 to 9 cells/ml). 

Common in the river (ave. 30 to h6 cells/ml) and present in 
small numbers at stations MP, EP and the lake (ave. approximately 
1 to 5 cells/ml) were also Cyclotella comta, C. k utzingiana and 
Coscinodiscus subsalsa . 

Eight species of the Centrales were absent from the river, 
but present at the other stations; few of them, Stephanodiscus alpinus, 
fb oinderanus and Melosira islandica, occurred in large abundance 
in the middle plume, edge of the plume and in the lake. Their 
highest populations were found either at the MP or EP. In general, 
the numbers of both S. alpinus and £. binderanus were drastically 
increasing with depth. Only at the lake station S^. binderanus was 
present in higher quantities at the surface than at the bottom. 
Counts of S. alpinus varied from ca. 51 cells /ml in surface waters at 
stations EP and Lake, to ca«17? cells/ml at 5 meters depth and 
bottom in the middle plume. Concentrations of S_. binderanus ranged 
from 8 cells/ml, at the bottom in the lake, to 262 cells/ml at the 
bottom in the edge of the plume. Average quantities of M. islandica 
decreased gradually from MP (ave. ll** cells/ml) toward the lake 
(ave. 86 cells /ml). 
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Another species , M. italica subsp. subarctica , was only found 
in the edge of the plume (ave. Ill cells /ml) and in the lake 
(aye. 1-5 cells/ml), 

S. trans i Ivani cus , C. ocellata, C. michiganiana and C. 
pseudostelligera were present at stations MP, EP and in the lake 
in low abundance, usually 1 to 10 cells /ml.' Highest counts, 17 
and 22 cells ml, were noted for £. ocellata (at 5m, PM) and S_. 
trans i Ivanicus (bottom, lake). 

In June the Pennales were represented by 260 taxa. As in the 
previous months, the highest numbers of species belonged to family 
Fragilariacae (58) and genera Navicula (69), Nitzschia (25) and 
Achnanthes (20), (Tables 2 and kg). 

Highest total quantities of the genera Fragilaria, Tabellaria 
and Diatoma were found either in the middle plume, the edge of the 
plume or in the lake. The numbers found in the river were often 
much smaller and Tabellaria was absent from station PP. Few species 
of these genera were present in particularly large abundance. 

Maximum populations of F. crotonensis were observed in the 
edge of the plume (ave. 335 cells/ml). Average concentrations in 
the middle plume and lake were nearly identical (fih\ to 2h8 cells/ml) 
and higher than in the river (ave. 189 cells/ml). 

Highest numbers of F. capucina (35^ cells /ml) were found at the 
bottom of station MP, however, the average quantities; at this station 
(29U cells/ml) were similar to those at EP and in the lake (ca. 262 
cells /ml). An average of about 11 cells /ml was noted at station PP. 
Counts of this species included also related entities, F. capucina v. 
mesolepta and F. capucina v. lanceolata . Both varieties, especially 
the latter, were common at MP, EP and in the lake. 

Other members of the genus Fragilaria, F. brevistriata, 
S* cons true ns, F. construens v. binodis and F. pinnat a, were present 
at stations PP, MP and EP, and were practically absent from the lake. 
All were common in the river, and at the surface and 5 meters depth 
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in the middle plume. They were found in particularly large quantities 
in the bottom waters at the PP. Common at the bottom in the river, 
but usually rare at other sampling depths, were varieties of some 
of the former species as F. brevistriata v. inflata and F. pinnata 
v. lancet tula, and also F. leptostauron and F. leptostauron v. dubia, 
F# intermedia and F. vaucheriae v. truncata. 

All the remaining species of this genus found in the June 
collections were rare and only occasionally a few of them occurred 
in somewhat higher numbers. 

Tabellaria fenestrata, representative of the genus Tab e liar i a, 
was found only at stations MP, EP and Lake, where it comprised 
U.O^ to 19.56 percent of the total phytoplankton. Concentrations of 
this entity were uniform vertically in the lake, and also in the middle 
plume, except at the bottom, where much larger populations (ca. 200 
cells /ml more) were found. Average counts from the lake (^0^ cells /ml) 
and station MP Q&5 cells/ml) were similar, and higher than those from 
EP (267 cells/ml). Another species of this genus, T. flocculosa, was 
rather common at the same stations. Maximum numbers (ca. hO cells /ml) 
were found at 5 meters depth in the middle plume. 

At each station, except in the lake, total populations of the 
S enus Diatoma increased with depth. The highest concentrations of 
similar sizes were found at the bottom at station MP, (356 cells /ml) 
and at the surface in the lake (323 cells /ml). Average numbers in 
the edge of the plume and lake were almost identical, (ca. 210 cells /ml) 
and lower than in the middle plume (27^ cells /ml). Smallest quantities 
were observed in the river (ave. 31 cells/ml). Diatoma tenue, D. tenue 
v * elongatum and D. tenue v. pachycephala were absent from the river, 
but present at all other sampling depths. The two latter species, 
and first of all D. tenue v. elongatum, made up the majority of total 
numbers of this genus. The nominate variety, D. tenu e, was the least 
abundant entity. Diatoma vulgaris was practically the only member 
of the genus found in the river. It was also common at the surface 
and at 5 meters at station MP. Also, D. ehrenbergii and D. vulgaris 
v# frrevis were identified in few samples. 
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The highest total count of the genus Synedra (lM3 cells /ml) 
was recorded from the surface in the lake. Concentrations at all 
other sampling depths at PP, MP, EP and Lake, were only slightly 
smaller than the maximum quantity, and strikingly uniform (about 
80 to 113 cells /ml). 

Synedra ulna made up over 9° percent of the total numbers 
of this genus in the river. It was also common at the surface in 
the middle plume, and in the edge of the plume. Relatively common 
in the river and usually very rare at the other stations was 
8* ulna v. spathulifera. Two other species, S_. parasitica and 
§.• u ^- na v * claviceps were found rather commonly in the bottom waters 
at station PP. About ik other representatives of this genus present 
in the river, occurred in very small quantities. 

S# ulna v. chaseana was abundant in the middle plume, edge of 
the plume and lake, and very rare in the river. Common, or 
relatively common in most samples from the same stations (except PP), 
were &. ulna v. danica and Synedra sp. ( vaucheriae v. fragilarioides ) . 
Synedra delicatissima v. angustissima was present in rather high 
numbers in deeper water at MP, and in smaller abundance in the lake. 
All other members of Synedra, even when present in most collections 
(S. parasitica v. sub cons tricta, S. ulna v. contracta ), were usually 
found in small quantities. 

Highest abundances of the genera Asterionella, , Navicula and 
Nitzschia were observed in the river. The average quantities 
decreased drastically from the river toward the lake,, 

Total counts of Asterionella ranged from 7 cells /ml, at the 
surface in the edge of the plume, to 2llf cells /ml at the surface 
in the river. Average populations at station MP (6l cells ml) were 
over three times smaller than those in the river. Populations at EP 
(ave. 19 cells/ml) and in the lake (ave. 29 cells/ml) were of similar 
sizes. Except at station EP, total numbers were decreasing with depth. 
This genus was represented by A. formosa and A. bleakeleyi . The latter 
entity occurred in higher quantities than the former one, in surface 
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vaters at PP and MP. Asterionella formosa was more abundant at all 
other sampling depths. Common at the bottom in the river, but absent 
from other stations vere also A. gracillima and A. f ormosa v. acaroides . 

Members of the genus Navicula vere found in the river in average 
numbers of 290 cells/ml. Much smaller quantities were observed at 
stations MP (ave. 39 cells/ml), EP (ave. 23 cells/ml) and Lake 
(ave. 5 cells /ml). Total populations were usually slightly decreasing 
with depth. 

Navicula decussis, N. tripunctata and N. viridula were found 
in abundance in the river, and usually in smaller quantities, decreasing 
toward the lake, at the other stations. Navicula viridula was absent 
from the lake station. Absent from, or rare in the lake, and common 
or relatively common in the river, and often also in the upper parts 
of the water columns at stations MP and EP were: N. tripunctata 
v. schizonemoides, N. capita ta, N. cryptocephala v. intermedia, 
N. gastrum and N. lanceolata . Navicula latens was very rare in the 
river, but common at most other sampling depths. Occasionally quite 
common in collections from PP, MP or EP were: N. heufleri, N. paludosa 
an< ^ Navicula sp. ( pygmaea v. producta) . All of the remaining species 
of this genus were found in very small numbers. 

Average counts of the genus Nitzschia ranged from 27 cells /ml 
In the lake to 221 cells /ml, in the river. 

Common in the river were: N. hungarica, Nitzschia sp.# 2, 
N. amphibia and N. tryblionella v. levidensis. The first two entities 
were common also at stations MP and EP, especially at the surface. 
The two latter ones were rare at few other sampling depths. Nitzschia 
sp.# 1 was common in all samples from MP, EP and Lake, especially in 
those from deeper water. A very similar pattern of distribution was 
observed for N. bacata, with the exception that this species was not 
found at the bottom at the lake station. About 19 other members of 
Nitzschia were found in low abundance. Among them, more frequently 
noted were N. recta, N. linearis and N. font i cola . 

Large numbers of taxa, about 103, belonged to 27 various genera. 
The majority of these entities were found only occasionally in very 
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small quantities* Several were common, and at times abundant, mainly 
in the river. Uieir numbers were usually decreasing from station PP 
toward the lake. 

Common, or very common in iiost samples from the river, middle 
plume and the edge of the plume, and rare in the lake collections 
were: Achnanthes lanceolata v. dubia, Gomphonema olivaceumj 
Rhoicosphaenia curvata (these three species were abundant in the river), 
£.• l&nceolata, Amphora ovalis v. pedi cuius, A. o valis, Cocconeis 
placentula and C. placentula v. euglypta. 

Common in the river, and only sporadically common at other 
sampling depths at MP and EP were: Achnanthes c levei, Gomphonema 
angustattrs v. product a, Cymbella sinuata, C. t urgida v. pseudogracilis, 
Cocconeis pedi cuius and C. dimir.uta. 

Few species were common in the river, either at the surface 
( Achnanthes conspicua, Cocconeis placentula v. lineata ), or at the 
bottom ( Achnanthes hauckiana v. rostrata, Meridio n circulare, Opephora 
mar tyi ) . They were rare at MP, EP or Lake. 

Occasionally rather common at stations MP, EP and Lake were: 
Cymatopleura solea, C. solea v. apiculata, Achnanthes laueriburgi ana, 
Gomphonema angustatum, Cocconeis thunensis^ Amphora neglecta and 
^L* °v a ^^ s v » libyca. 

4. Chlorophyta 

Green algae comprised l.h8 to 16.13 percent of the total 
phytoplankton. Average numbers decreased drastically from the river 
toward the lake. Highest total count (2035 units /ml) was recorded 
from the surface at station PP, lowest quantities (5^ to 73 units/ml) 
were found in the lake and in bottom waters at stations MP and EP. 
At stations PP, MP and EP, maximum total populations were observed 
at the surface; the numbers were sharply decreasing with depth. In 
the lake, the vertical concentrations were uniform.. 

A total of 51 taxa of greens were included in the counts. Few 
species were found in abundance mainly in the river; many were common; 
the majority however were present in relatively small numbers 
(Table 3). 
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Actlnastrttra hantzsehii was found in the river in an average 
quantity of 263 cells /ml. It occurred in much lower abundance 
(7 to 36 cells ml) in surface waters at MP and EP, and was absent 
from the lake station. A very similar pattern of occurrence was 
observed for Ankistrodesmus braunii (average count from the river; 
107 cells /ml). Ankistrodesmus falcatus was present at all sampling 
depths; maximum count was 237 cells /ml at the bottom at PP, populations 
of similar sizes (^5 to 55 cells /ml) were noted in surface waters at 
MP and EP, smallest quantities (8 to 28 cells/ml) were found in the 
lake, and in deeper waters in the middle plume and edge of the plume. 
Another member of the genus Ankistrodesmus, A. convolutus, was found 
in much smaller numbers (l to JO cells/ml) than the previous entities. 

Present at most sampling depths, abundant in the river (mainly 
at the surface) and very common in surface waters at MP and EP were: 
Gloeocystis sp^faax. 267 cells/ml), Oocystis solitaria (max. 156 col/ml) 
and Pictyospherium pulchellum (max. 89 col/ml). 

A few members of the genus Scenedescus, S. abundans, SL dimorphus, 
S. incrassatulus and S. opo liens is, were found in all or most samples. 
As the former species they occurred in highest quantities in the 
river. Maximum counts of these entities from the surface at station 
PP, ranged from h$ col/ml (S. opoliensis ) to 207 col/ml (S. 
incrassatulus ) . Other representatives of this genus^such as S. bijuga, 
§.* pegforatus , S. quadri cauda, S_. armatus, were found in smaller 
numbers (l to 22 col/ml). 

Several other green algae, members of various genera 
(Tetraedron lunula, Closteriopsis longissima, Coelastrum sphaericum, 
Crucigenia apiculata, Pediastrum duplex, Desrsatrac turn sp. and 
Closterium sp. ) were very common in the river (average numbers ranged 
from l8 to 69 units /ml). They were either absent from other stations, 
or present in smaller quantities (l to 10 units/ml). 

Bather frequently noted, but present in low abundance, were 
species of Kirchneriella, Oocystis, Lagerheimia, Q uadrigula and 
Tetraedron. 
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5. Qyanophyta 

Blue-greens comprised a small portion of the total phytoplankton 
(0.30 to h t kS percent). Oscillatoria spp. were common in all samples: 
highest count (107 fil/ml) was found at the surface in the lake. The 
lowest (l^ fil/ml) at the bottom in the river. Populations of 
identical sizes ca. 50 fil/ml, were observed in surface waters at 
FP, MP and at the surface and bottom at EP. Isolated peaks of 
Gomphosphaer i a aponina (27 col/ml) and of Phormidium spp. (13 fil/ml) 
vere observed at the bottom in the lake, and at the bottom in the 
river, respectively. Few other blue -greens such as Microcystis 
aeruginosa, Anabaena sp, or Aphanizomenon f los - aquae were only found 
sporadically in small numbers (O.k to 5 units /ml). 

6. Chrysophyta 

Mallomonas spp. were found in the river in average numbers of 
106 cells /ml. Quantities at MP and EP were similar (ave. 37 to 1*2 
cells/ml) and higher than at the lake station (ave* 15 cells /ml). 

Dinobryon divergens was common at the bottom in the river (but 
absent from the surface) and in top waters at MP and Lake (18 to 21 
cells /ml). Smaller counts (7 to 12 cells/ml) were found at the 
remaining sampling depths. 

2* c&lcifomis was noted in few samples from JCP, EP and Lake; 
2 to 6 cells /ml. 

Common at the bottom in the river was Ophiocybium capitatum 
▼• longispinum (33 cells/ml). It was also present at three 
other sampling depths at MP and EP (l to 5 cells/ml). 

1» Pyrrophyta 

Peridinium spp. were present at all sampling depths, except 
at the surface in the river. The numbers were relatively small 
(1 to 11 cells/ml). 

8 . Flagellates 

Maximum total numbers, 1191 cells /ml, were found at the surface 
in the river. Minimum quantities, 29 cells/ml, were observed at 5 meters 
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depth at station MP; this count was strikingly small in comparison with 
those found at other sampling depths (105 to Slk cells/ml). 

Average populations of Chlamydomonas sp. decreased from station 
PP (21*0 cells /ml) toward the lake (151 cells/ml). Slurface counts from 
all stations (200 to Jk\ cells/ml) were much higher than those from 
deeper waters. 

Average counts of Cryptomonas sp. found in the lake (67 cells /ml) 
were over ten times smaller than those from the river (703 cells /ml). 
As Chlamydomonas , these phytoplankters were also present in highest 
quantities in surface waters. 

Euglena spp., Pterononas sp., and Phacus sp. were common in the 
river (21 to 35 cells ml). Smaller numbers (l to 10 cells/ml) were 
found at few other sampling depths. 
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H. July 25, 1969 

i* Physical-Chemical Data 

I>uring the last ten days preceding sampling, the winds were 
from the north and the river plume *;as flowing south. It could still 
be seen for over 12 km south from the Grand Haven Piers, by its 
yellowish color, different from the clear green color of lake water. 
Figure lh shows the location of July 1969 stations. 

The physical data are presented in Tables 5h(l) and 6i. Surface 
water temperature decreased from 27 # 0°C in the river to 22.U°C at the 
lake station. It was 20. 6° C at station MP 1. Vertical temperature 
gradients were noted in water columns at each sampling site, 
particularly well developed thermoclines were observed at both MP 
stations, EP and in the lake. 

Secchi disc transparencies varied from 0.6 m in the river to 
5.8 m in the lake. Highest amount of surface light at Secchi depth, 
llejQ percent was noted at 2.7 meters in the edge of the plume. 

According to calculations highest amount of river water in 
the plume area was present at the surface at station MP h — 19 percent. 

Table 5h(2) shows the average chemical results. Highest values, 
except for dissolved oxygen content (maximum 11.0 ppm at both MP 
stations) and carbon dioxide (max. 2.5 ppm at MP l) were found in the 
river. Lowest average values of oxygen, pH, alkalinity and chloride 
were found in the lake, and of the remaining parameters, either at 
MP k (carbon dioxide, nitrate), MP 1 (silica, sulfate, turbidity), 
or at EP (orthophosphate ) . Higher, than in the middle plume or edge 
of the plume, average results for some chemicals from, the lake, were 
caused by relatively high individual bottom values (e.g., silica, nitrate) 
or surface values (e.g., orthophosphate) found at the lake station. The 
differences in concentrations of chemicals at various segments of water 
columns, are presented in Tables 6a to 6k. Particularly interesting 
were the results for orthophosphate, silica and nitrate. Complete 
depletion of phosphate was noted at most sampling depths in the 
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middle plume, edge of the plume and in the lake. Trace concentrations 
vere observed in surface vaters at MP k (1.9 ppb) and Lake (2.3 ppb), 
and also at 10 meters at MP 1 (0.5 ppb). At the same stations, the 
concentrations of silica and nitrate were very low, especially at the 
surface and within the metalimnion. With the exception of two higher 
silica values found at the bottom at EP (0.82 ppm) and Lake (2.15 ppm), 
most of the remaining values were lower than 0.51 ppm (the range was 
0.21 to 0.51 ppm). The values of nitrate nitrogen in the upper segments 
of water columns ranged from 60 to 9X> Ppb> and in deeper water, from 
110 to 2^0 ppb. The results for orthophosphate and silica at MP k, 
MP 1, EP and Lake are striking when compared with the high values 
found in the river (ave. orthophosphate &±.J> ppb, ave. silica 2.01 ppm). 

2. Riytoplankton Data 

Maximum quantities of total phytoplankton (highest count; 18939 
units/ml at the bottom at PP, which was also the highest count recorded 
duirng the study) and diatoms (l6°^-l cells /ml at the bottom at PP) 
were found in the river and corresponded with maximum concentrations 
of nutrients and silica (Tables 1, 6e-h, and Figures 9a-d)„ High 
total phytoplankton (^11^-5337 units/ml) and diatom populations 
(3082-4732 cells/ml) were found in the surface waters at both MP 
stations, at EP, and also at the bottom of station MP k. These 
corresponded with a complete depletion of orthophosphate, low 
concentrations of silica (0.1*0-0.51 ppm) and nitrate (80-110 ppb). 
These results would suggest an increased demand in the plume area 
for silica and nutrients and particularly for phosphate, by the 
disproportionally abundant phy toplankters . Numbers of phytoplankton 
in surface waters at MP h, MP 1 and EP were only about twice smaller 
than those at the surface in the river while phosphate values fell from 
61.5 ppb (surface, PP) to zero; the amount of silica decreased by a 
factor of about four; and of nitrate by a factor of three. It may be 
that depletion of phosphate and perhaps insufficient light inhibited 
the growth of diatoms (ca. 1550 cells /ml) in bottom waters at stations 
MP 1, EP and Lake, where "unused" concentrations of silica were found 
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(0.82 ppm at EP and 2.15 ppm at Lake) and relatively high values 
of nitrates (130-21*0 ppb). Conversely, the smallest numbers of 
phytoplankton, 823 units/ml, (diatoms: k$k cells /ml) found in surface 
waters at the lake station, corresponded with "unused" (2.3 ppb) amounts 
of phosphate and scarce silica (O.36 ppm). The growth of diatoms 
in these waters was most probably inhibited by an inadequate supply 
of silica. 

*L # Baci liar iophy ta 

Diatoms comprised between 55.17 percent and 9A.76 percent of 
the total phytoplankton at the July sampling stations. In the river, 
at station MP k and in surface waters at stations MP 1, EP and Lake, 
Centrales were much more abundant (371 to'lM-19 cells /ml) than 
Pennales (83 to 2522 cells /ml). At the bottom of MP 1, EP and Lake, 
and within the thermoclines at the two last stations the Pennales 
made up a higher portion (^9»30 percent to 87. 15 percent and 711 to 
ll*28 cells /ml) of total phytoplankton than the Centrales (7.6l to 
3^.59 percent and 123 to 1002 cells /ml). 

Among the centric diatoms, Cyclotella meneghiniana v. plana, 
Melosira granulata v. angustissima and M. gr ami lat a occurred in large 
abundance in the river and in smaller, although high, quantities in the 
river plume area (MP h, MP 1, EP). The first entity alone comprised 
about 50 percent of the total phytoplankton at station PP. Maximum 
cell counts of these species were found at the bottom in the river; 
8935 cells /ml for £. meneghiniana v. plana (it was the highest count 
for this phytoplankter recorded during the study), 2700 cells /ml, 
for the second entity and 121*6 cells /ml for M. granulata. Highest 
populations of all three species at stations MP h, MP 1, EP and Lake 
were usually found in upper parts of the water columns. Average 
numbers of C. meneghiniana v. plana decreased from 6976 cells/ml in 
the river to 623 cells /ml at station EP, those of M. granulata v. 
angustissima from 1906 cells /ml (at PP) to b8h cells /ml (EP) and 
of M. granulata from 9^5 cells /ml (PP) to 93 cells/ml (EP). All 
three species were present in relatively small numbers in the lake 
(ave. 22 to 33 cells /ml). 
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Much less abundant in the river were C. meneghiniana (ave. 
172 cells/ml) and Stephanodiscus subtilis (ave. 2Qk cells/ml). The 
former species vas more common (26 to 113 cells /ml), than the latter 
(10 to 56* cells/ml), at most sampling depths at MP k it MP 1, and EP. 
Both entities were present in small numbers (0.2 to 6 cells /ml) in 
bottom waters at MP 1, EP and in the lake. 

Quite unexpectedly, present in high numbers in the river were 
Stephanodiscus alpinus (ave. 371 cells /ml) and Melosira islandica 
(ave. 203 cells/ml). During this study both phytoplankters were 
found in maximum abundance in March and April, at the edge of the 
plume and in the lake. Melosira islandica was absent; from the river 
during all other months (except in May, when small quantities, 3 cells/ml, 
vere observed at the surface), and S. alpinus was found in only 
several collections from the river in numbers usually smaller than 
50 cells /ml. Most probably, both species were brought here from the 
lake with inflowing waters, at some time preceding the sampling. Both 
species were common (ave. 23 to 70 cells /ml) in the river plume area 
and lake (although M. islandica was absent from station MP k), with 
highest numbers in surface waters at MP 1, EP and at the bottom in 
the lake. 

Common in the river with average counts ranging from 28 to 
kj cells/ml were: Melosira varians, Stephanodiscus as trea , S. 
hantzschii, S. minutus and S. tenuis . All these species were present 
in only a few samples from the other stations in small numbers 
(0.2 to 8 cells /ml). Higher quantities of S. tenuis were noted at 
the surface in the edge of plume: 28 cells/ml. 

Common at most sampling depths of all stations,, especially 
at the surface in the plume area (12 to 65 cells /ml) were: Cyclotella 
comta^^C. kutzingjana and C. stelligera . Lower abundance of these 
species was observed in deeper waters at EP and Lake (0.2 to 6 cells/ml). 

Several species of the centric diatoms were absent from the 
river, but they were present often in high numbers at the other 
stations. Most abundant among them was Cyclotella operculata . Highest 
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populations of this entity were found in surface waters, with a 
maximum of 3**8 cells/ml at the edge of the plume. With the exception 
of two rather low counts (ca. 15 cells /ml) found in bottom waters at 
EP. and Lake, numbers at other sampling depths ranged from 98 to 15** 
cells/ml. This species was not noted in collections from the previous 
months. Average quantities of C. ocellata were similar at MP 4, EP 
and Lake (24 to 31 cells/ml) and lower than at MP 1 (55 cells/ml). 
Sporadically common, or very common at a few sampling depths in the 
river plume area and lake were : Melosira granulata v. spiralis 
(max. 88 and 7h cells/ml in surface waters at EP and ftp l), Stephanodiscus 
binder anus (max. 69 cells /ml at the bottom, MP 4), Qyclotella 
pseudostelligera (max 32 cells/ml at the surface, EP), Melosira italica 
subsp. subarctica (max. 27 cells/ml, surface, MP l), S tephanodiscus 
trans ilvanicus (max 15 cells /ml j bottom, Lake) and Coscinodiscus 
subsalsa (max 10 and ik cells /ml at the surface at MP h and 8 meters 
depth at EP). 

The Pennales were found in highest average quantities in the 
river (1683 cells /ml) and edge of the plume^ (ll80 cells/ml). Average 
concentrations (722 to 783 cells/ml) were observed in the middle plume 
(MP h, MP l) and lake. At each sampling site, total numbers increased 
with depth. Cell counts of the most abundant genera aire presented in 
Table 1, the relative abundance of species in Table 2, and numbers 
of identified taxa, found at various sampling depths, in Table 4h. 

The genera Fragilaria, Navicular Nitzschia and S ynedra were found 
in maximum quantities in the river* Species belonging to the genera 
Tabellaria, Asterionella and Diatoma were either absent from the river 
(Asterionella ) or present there in lowest abundance. 

Highest count of Fragilaria crotonensis, 70^ cells /ml, was 
recorded from the bottom at station PP, and smallest, h2 cells/ml, 
from the surface in the lake. Average populations at stations MP 4, 
MP 1, EP and Lake were quite similar (211 to 285 cells/ml) with the 
highest numbers found in deeper waters, especially at 8 meters, in 
the e6^e of the plume. 
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Maximum abundance of F. capucina was observed at the bottom 
of station MP 4 (k26 cells/ml). Populations found in the edge of the 
plume and in the bottom waters in the lake ranged from 118 to l6l 
cells /ml. Numbers reported from the remaining sampling depths, except 
the bottom at station PP, where F. capucina did not occur, were much 
smaller, and ranged from 8 to 30 cells/ml. 

Other species of this genus, F. brevistriata, F. construens 
an< ^ L # P^nnata v. lancet tula, were found abundantly in the river, 
especially at the bottom. Present in rather small quantities at the 
surface, but very common at the bottom were also F. construens v. 
binodis, F. intermedia and Fragilaria sp. #6. All of these entities 
were noted usually in only small numbers in the plume area and lake. 
A few other members of Fragilaria such as F. brevistriata v. inflata ? 
varieties of F. construens — F. construens v. pumila, F. construens v. 
minuta, and also F. vaucheriae v. truncata, were rare in the river 
or middle plume. 

Highest counts of the genus Navicula were found in bottom waters 
at station PP (280 cells /ml) and MP h (98 cells /ml). Quantities found 
at all other sampling depths ranged from 1 cell/ml (surface Lake, 
and bottom MP l) to 37 cells/ml (surface, PP). 

Navicula decussis and N. tri punctata were abundant at the bottom 
in the river, common at the bottom of station MP h and present in much 
smaller quantities in surface waters at the same stations, and also 
at MP 1. While the former species was practically absent from the edge 
of the plume and the lake, the latter was rather common at the surface 
at EP, and rare in deeper waters at the lake station. 

Common in the river with maximum concentrations at the bottom, 
and only rare at few other sampling depths in the plume area were: 
N. tripunctata v. schizonemoides, N. gastrum and N. viridula . 

Relatively common in the bottom collection from the river, but 
rare in few other samples were: N. cryptocephala v. intermedia, 
N. scute llo ides and N. oppugnata . The last species was also rather 
common at the bottom of station MP h. 
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About 53 other representatives of this genus f ound in July, 
were noted only sporadically in very small numbers. More frequently 
noted were a few varieties of N. capita ta, varieties of N. cryptocephala, 
and also N. latens, N. lanceolata and N. gregaria . 

Average numbers of the genus Nitzschia decreased sharply from 
the river (233 cells /ml) toward the. lake (8 cells/ml). Populations 
found in the edge of the plume (ave. 87 cells/ml) were higher than 
those in the lake, and at both middle plume stations (ave, at MP h 9 
69 cells/ml, at MP 1 38 cells /ml). 

Nitzschia sp. #2 was common at all sampling depths in the river 
and middle plume, and also at the surface of station EP, and bottom 
in the lake. Highest concentrations of this entity were observed in 
the river, especially in the bottom waters. 

Common in the river, and present in smaller quantities at a few 
sampling depths of the other stations were: N. apiculata, N. wolterecki 
and N. hungarica. 

Relatively common at the surface in the river and rare in a few 
samples from the plume area were N. amphibia and N. linearis . 

St thermalis was common at the bottom of stations PP and MP h 
and also at the surface of station EP. Common in deeper water at EP, 
and rare in the river and middle plume was N. dissipata . 

All the remaining members of Nitzschia were noted sporadically, 
usually in small numbers. 

Highest cell count of the genus Synedra found at the bottom in 
the river was 289 cells/ml; this was over twice the number observed 
at the surface. Total populations found at station MP h and in surface 
waters at MP 1 and EP ranged from lQ to 63 cells/ml. Numbers found 
in deeper waters at the two last stations and in the lake were much 
smaller (2 to A cells/ml). 

Abundant in the river and common at station MP h were Synedra 
ulna v. spathulifera and S^. acus. The latter species was also common 
at the surface of stations MP 1 and EP. Both entities were rare at a 
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few other sampling depths in the plume and in the lake. Synedra ulna 
vas common in the river and present in much smaller abundance at the 
other stations. Relatively common at the bottom at MP h and surface 
at MP 1 vere S. delicatissima v. angustissima and S. ulna v. chaseana . 
The former species was also quite common at the surface at station JSP, 
and the latter at the bottom in the lake. Occasionally common either 
at MP h, MP 1, EP or Lake were S. delicatissima and S ynedra sp. 
( vaucheriae v. fragilarioides) . Very rare, but present in most samples 
from the plume area and lake, was S. ulna v. danica. Few other species 
of this genus as S. demerarae, S. fasciculata, S. parasitica and its 
variety S. parasitica v. sub cons tri eta were noted only sporadically. 

Tab e liar ia fene strata, representative of the genus Tabellaria, 
occurred in large abundance in the plume area and lake, with 
concentrations sharply increasing with depth. Maximum counts were 
recorded from the bottom at station EP (9^0 cells /ml) and Lake 
(83O cells/ml). Other counts from deeper water ranged from 183 to 
658 cells/ml and those from the surface at all stations from 10 cells/ml 
(Lake) to 96 cells/ml (MP l). This phytoplankter was absent from the 
bottom in the river though quantities of ca. 37 cells/ml were observed 
at the river surface. T. flocculosa was rather common, ca. 2k cells/ml, 
at the bottom of station MP 1, and present in smaller numbers in deeper 
waters at EP and Lake. 

The genus Asterionella was mainly represented by A. formosa, 
which was common at most sampling depths in the river plume and Lake. 
Common at the bottom at station MP 1, and within the thermoc lines at 
EP and Lake was also A. gracillima. Total counts of A sterionella ranged 
from 6 cells/ml, at the surface in the lake, to 77 cells/ml at 8 meters 
depth of station EP. Generally, higher concentrations were found in 
deeper waters. Members of this genus were absent from the river and 
the surface of station MP 1. 

Average cell counts of the genus Diatoma found at stations MP h, 
MP 1 and EP were of similar sizes (22 to 26 cells /ml and higher than 
those in the river (13 cells/ml) and lake (4 cells/ml). Diatoma 
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tenue v. elongatum vas present in all collections except those from 
the river. The nominate variety of this species, D. tenue was found 
only at the plume stations, in quantities usually smaller than the 
former entity. Common at the bottom in the river, ca« 20 cells/ml, 
and rare or very rare at most other sampling depths vas D. vulgaris. 

Many other species of the pennate diatoms (about 84), members 
of various genera such as Achnanthes, Amphora, Cocconeis, Gomphonema, 
Cymbella etc., were found in the July collections, especially those 
from the river and river plume. Few of them were common at station PP, 
and sporadically in surface waters, rarely at the bottom, at MP 4, 
MP 1 or EP. They were absent from or present in very low abundance at 
some of the remaining sampling depths. To this group belonged: 
Achnanthes lanceolata v. dubia, Gomphonema olivaceum, Rhoicosphenia 
curvata, Amphora ovalis v. pedi cuius, A. ovalis v. libyca, Cocconeis 
placentula and C. pediculus . 

Several species were observed commonly only in the river; they 
were rare at the other stations. To these belonged: A chnanthes 
hauckiana v. rostrata, A. lanceolata, Opephora marty i , Gomphonema 
angustatum , Amphora ovalis, Cymbella sinuata, Cocconeis dimunuta, 
£• placentula v. euglypta, C. thumensis and Cfrmatopleur a solea . 

Two members of the genus Achnanthes, A. lauenburgiana and 
hs roicrocephala were rather common at the surface in the edge of the 
plume. The former species was noted also in small quantities in the 
river and at MP 4, the latter was absent from all other stations. 
Another species, Amphora neglecta was quite common in the bottom at 
EP, and rare at the bottom in the lake. 

All the remaining diatoms were found occasionally and in small 
numbers. 

k. Chlorophyta 

In the July collections, green algae comprised between 1.8 
percent and 17. 9 percent of the total phytoplankton. At all stations, 
except PP, maximum concentrations of the greens were observed 
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in surface waters; the quantities were rather sharply decreasing with 
depth. Highest cell count, 1524 units/ml, was recorded from the bottom 
in the river, lowest, 32 and 38 units /ml, from the bottom in the lake 
and edge of the plume. Average numbers in the lake (84 units/ml) 
were over 15 times smaller than those in the river (1285 units/ml). 
Total populations found in the plume area, at MP 4 (ave. 393 units/ml), 
MP 1 (ave. 329 units/ml) and EP (ave. 260 units/ml) were of similar 
sizes. The flora was very diverse: 82 taxa were included in the 
counts (Table 3). 

Among 11 representatives of Scenedesmus, five species were present 
at all stations, and mostly contributed to the total quantities of this 
genus. Scenedesmus abundans and S^. opoliensis occurred in high zniE&ers 
in the river, especially at the bottom (maxima: 260 and 7^ colonies/ml, 
respectively), were common at station MP 4, and in the upper parts of 
the water columns at MP 1 and EP (13-44 colonies/ml). S. quadricauda 
(max. at PP, 31 col/ml) and S. dimorphus (max. at PP: 22 col/ml), 
were less abundant at the same sampling depths. S. incrassatulus 
was very common in the river (ave. 37 col/ml) and present only at few 
other sampling depths in small numbers (1-8 col/ml). Another species, 
S. acuminatus, was quite common in the river (ca. 11 col/ml) but 
absent from all other stations. All remaining members of this genus 
were noted occasionally, in smaller quantities (1-7 col/ml). Lowest 
abundance of Scenedesmus (1-5 col/ml) was observed in the lake. 

The genus Oocystis was mainly represented by 0. solitaria. 
Average populations of this entity in the plume area and lake were of 
similar sizes (20-23 col/ml) and over three times smaller than those 
in the river (70 col/ml). Present at most sampling depths, in 
relatively small quantities (l-12 col/ml), were 0. borgei, 0. lacustris, 
£L # pus ilia and 0. parva. Few other species were included in the total 
counts of Oocystis spp. (8-58 col/ml); higher concentrations were 
generally observed in surface waters. 

Among other members of the green algae, most abundant in the 
river, at MP 4, and in surface waters at MP 1 and EP were: Gloeocystis 
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sp. (48-148 col/ml), Dictyospherium pulchellum (13-104 col/ml), 
and Ankistrodesmus faleatus (12-69 cells/ml). Gloeocystis sp, 
was also common (9-22 col/ml) in the lake, at the bottom of station 
MP 1 and at 8 meters depth at EP, while the two latter phytoplankters 
were present there in small numbers (1-6 units/ml). 

Very common in the river were Closteriopsis longissima 
(ave. 63 cells/ml) and Coelastrum sphaericum (ave. 55 col/ml). The 
former species was common also at the surface of stations MP 4, MP 1 
and EP (ll-l8 cells/ml) and was absent from the lake. The latter 
was noted at most other sampling depths in low abundance (1-10 col/ml). 

Much less abundant at station PP, and relatively common in 
surface waters in the' plume area (ca. 9-30 units /ml) were Crucigenia 
quadra ta, Nephrocytium agardhianum, Tetrastum staurogeniae forme and 
Pediastrum spp. These algae were either absent from the lake, or 
present in very small numbers (0.4-2 units/ml). 

Common in the river (maximum counts ranged from 22-37 units/ml) 
and present only in small quantities (usually 1-7 units/ml) at the 
other stations, mainly in the plume area, were: Actinastrum hantzschii, 
Kirchneriella elongata, K. obesa, Tetraedron lunula, T. minimum and 
Closterium spp. 

Several species of the greens, members of about ten different 
genera, were noted in rather high quantities in the river. With 
only a few exceptions they were absent from all other sampling stations. 
To this group belonged: Desmatractum sp., Dimorphocccous lunatus, 
Lagerheimia quadriseta, Pediastrum duplex, Gloeocysti s plane tonica, 
Kirchneriella lunar is, Te trade sinus smithii, Tetraedro n caudatum, 
Treubaria setigerum and Westella linearis . Counts of all of these 
species in the river, except the last one, ranged from 15 to 45 units /ml. 
Westella linearis occurred in large abundance of 96 col/ml, at the 
surface. 

Two isolated peaks of Crucigenia tetrapedia were observed in 
surface waters at station MP 4 (l4 col/ml) and EP (21 col 'ml). Another 
species of this genus C. apiculata was abundant at the surface at MP 4; 
94 col/ml, and common at the bottom in the river (22 col/ml). It was 
also present at a few other sampling depths (0.4-7 col/ml). 
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Erequently noted, but present in small numbers, usually 1-7 
units/ml vere: Ankistrodesmus braunii, Elakatothrix gelatinosa, 
Staurastrum spp., Tetracfdron trlgonum (these entities were practically 
absent from the lake), Cosmarium sp., Oedogonium sp. (these vere absent 
from the river). Another green alga, Quadrigula l acustris, was 
observed at all sampling depths, except at the bottom in the lake, 
ranging from 2 to 17 col/ml. Quantities above 10 col/ml were found 
in surface waters at stations MP 1, EP and Lake, All remaining greens 
vere noted sporadically, in low abundance. 

2r Cyanophyta 

Blue-greens occurred in relatively small quantities, and 
were not found in the surface samples from station PP. Higher 
numbers (25-37 units/ml) were observed in bottom waters in the 
river, lake and at MP 1, and also at the surface at MP 1 and EP. 
Other counts ranged from 3 to 15 units/ml. 

Oscillatoria spp. were present in most collections. Quantities at 
both MP stations and at the bottom in the river, 5-Q filaments /ml, 
were higher than those at few sampling depths at EP and Lake, 1-3 
fil/ml, however, the maximum count, 22 fil/ml, was found at the bottom 
in the lake. 

Phormidium spp. were noted at MP 1 and EP (2-15 fil/ml), and 
also at the bottom at PP (22 fil/ml). 

Anabaena spp. were present at the plume stati.ons and lake 
(1-8 fil/ml) with higher numbers at the surface at MP 1 and EP. 
They were absent from the river and bottom waters at EP and Lake. 
Few other blue -greens were noted in only few samples, in small 
abundance,usually 1-4 units/ml. 

6 . Chrysophyta 

Chrysophyta comprised between 0.22 percent (at the surface, PP) 
and 23.9 2 percent (surface, Lake) of total phytoplankton. 
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Dinobryon divergens was abundant in most samples from the river 
plume and lake (l86 to 357 cels/ml). It was absent from the bottom 
at PP and Lake, Smallest quantities were found at the surface in 
the river (7 cells ml) and bottom at station EP (32 cells/ml). 
Dinobryon bavaricum and D. calcifomis were noted in the plume area 
(1-16 cells /ml). 

Mallomonas spp. were very common in the river (ave. $2 cells /ml). 
Much smaller populations (2-l4 cells/ml) were found at the other 
stations. 

Ophiocytium capitatum v. longispinum and Tribonema sp. were 
identified in few collections (1-8 units /ml). 

X # -forrophyta 

This group of algae was mainly represented by Peridinium spp. 
Average concentrations at the middle plume and edge of the plume 
were identical (23-25 cells/ml) and smaller than in the river 
(78 cells/ml). Minimum quantities (ave. 6 cells/ml) were found in the 
lake. 

Except in the lake, highest numbers were observed in surface 
waters. 

8. Flagellates 

Chlamydomonas sp. were found in highest abundance in the 
middle plume; average quantities at both MP stations, ca, 112 cells ml, 
were twice the size of those observed in the river, (55 cells/ml) and 
edge of the plume, *i8 cells/ml. Smallest numbers, ave. 11 cells /ml, 
were noted in the lake. 

Populations of Cryptcreonas decreased drastically from the river 
(ave. 200 cells /ml) toward the middle plume (ave. at MP 4, 52 cells /ml, 
ave. at MP 1; 60 cells /ml), and then gradually toward the Lake 
(ave. 10 cells /ml). At each station, except the Lake, maximum 
concentrations of both Chlamydcmonas and Cryptomonas were found in 
surface waters; generally, the quantities were sharply decreasing 
with depth. 

Common in the river were: Euglena spp. (ave. 33 cells /ml) and 
Pteromonas sp. (ave. 11 cells /ml). 
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I. August 29, 1969 

i # Physical -Chemi cal Data 

Figure li shows the positions of the August stations. The winds 
were from the southwest; under the influence of strong on-shore current 
the river plume was turning sharply toward the north. The same 
situation had lasted for about two days preceding the sampling time. 
It was difficult to see the plume at all, except for the turn to the 
north. 

Table 5i(l) summarizes the physical data. The surface water 
temperature decreased from 24. 9° C in the river to 23.2°C at the plume 
edge. The lake water was slightly warmer (23 # 8°c) than at station EP. 
Surface to bottom temperature variations were observed at each sampling 
site — at both lake stations the bathythermograph measurements indicated 
well developed summer stratification (Table 6l). 

The Secchi disc transparencies increased from 0.7 m in the river 
to k m at station Lake 1 and to 5 ni at Lake 2. The amount of surface 
light at Secchi depth varied from 5»1& percent at 3»5 ni (EP) to 
17*5 percent at Lake 2. 

Calculations indicated that the waters in the middle plume 
contained kj percent of river water at the surface, and 52 percent at 
the bottom. 

Table 5i(2) shows the average chemical results. With the 
exception of oxygen content (maximum 9-3 ppm at EP and Lake l), pH 
(similar values, ca. 8.8, at all stations) and nitrate (max. 100 ppb 
at Lake 2), the highest concentrations of the remaining seven parameters 
were found in the river. The individual chemical values found at 
various depths are presented in Tables 6a -6k. Oxygen, pH, alkalinity, 
chloride and sulfate concentrations showed in most cases little or no 
variations with depth, especially at stations MP, EP and in the lake. 
The values of carbon dioxide and turbidity were usually highest in 
deeper and bottom waters. Except for a single high silica value 
(2.60 ppm, at the bottom of station Lake 2), very low siliea concen- 
trations 0.3 1-0. 58 ppm were found in the edge of the plume and in the 
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lake (Lake 1, Lake 2), especially at 1 and 5 meters depth. Complete 
depletion of orthophosphate was observed at most sampling depths at 
the same stations, trace amounts were found at Lake 1 (0.1 ppb at 
5 m, and 0.2 ppb at the bottom) and Lake 2 (0.5 ppb at 18 m). Very 
low concentrations of nitrate, 0-90 ppb, were noted at all stations, 
except at the bottom of Lake 2, (l80 ppb). 

2 . phytoplankton Data 

Figures 10a to lOf illustrate the surface, bottom and the 
average phytoplankton counts and also the corresponding values of 
nutrients and silica. Maximum quantities of total phytoplankton 
(1M33 units 'ml), diatoms (IOO93 cells/ml), and greens (4057 units/ml— 
the highest count recorded during the study) were found at the bottom 
in the middle plume. Very high abundance was observed also in the 
river, at the 6 m depth (total phytoplankton 11325 units/ml; diatoms 
833^ cells/ml) and at the bottom (total phytoplankton 10524 units /ml; 
diatoms 7556 cells/ml). The second highest count of the green algae 
(2976 units /ml) was recorded from the surface at MP; the numbers 
exceeded those of diatoms — 2844 cells /ml. The concentrations of 
phytoplankton in deeper waters at both PP and MP were much higher — 
at least twice as high at MP, and four times as high at PP than in 
the upper parts of the water columns. 

The average quantities of diatoms found in the middle plume 
(5106 cells /ml) were smaller than in the river (5705 cells /ml) but 
the average abundance of total phytoplankton increased from 7996 
units/ml at PP to 87OO units /ml at MP, due totfie peak development 
of the green algae (ave at PP, 1705 units /ml and average at MP; 
2907 units /ml). The high abundance of total phytoplankton in the 
middle plume corresponded with average values of silica of 1.06 ppm 
and orthophosphate of 21.1 ppb which were much decreased in comparison 
with the river station (silica, 2.22 ppm and orthophosphate, 62.1 ppb); 
particularly, the maximum counts found in bottom waters corresponded 
with minute amounts of orthophosphate, 9 Ppb, suggesting a biological 
uptake of this nutrient. (The average concentrations of nitrate at 
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MP were very small, however, somewhat higher than at PP due to the 
higher bottom values). It seems also, that the large amounts of 
phytoplankton in the middle plume could be attributed partly to the 
accumulation of incoming river phytoplankton, kept from dilution in 
the lake water by the strong on-shore current. 

Rather unexpectedly, the phytoplankton quantities at station EP 
(ave. total phytoplankton 1072 units /ml, ave. diatoms ^98 cells /ml 
and ave. greens; 1*35 units /ml) were strikingly small in comparison with 
the abundance in the river and in the middle plume. Most probably, 
despite the misleading yellowish color of the water, it was not the 
edge of the plume, but lake water, or water of the current along the 
shore. The values of alkalinity, sulfate and chloride were slightly 
lower or identical with those found in the lake, and the surface 
temperature was lower than at both lake stations. It seems, that the 
growth of phytoplankton at station EP was inhibited by a complete 
depletion of orthophosphate and scarce amounts of silica (ave. 0.^9 Ppni) 
and nitrate (ave. 36 ppb). However, it may wall be that phosphate 
was the responsible limiting factor. 

The minimum quantities of phytoplankton, only slightly smaller 
than at EP, were observed in the lake. Epilimnions (l and 5 meters 
depth) at both stations and the metalimnion of Lake 1 (ll meters) 
were almost completely devoid of diatoms (l-32 cells/ml), however, 
diatoms were found in deeper waters, at the bottom at Lake 1 (1352 
cells /ml), and at lB meters (629 cells /ml) and bottom (388 cells/ml) 
at Lake 2, in numbers higher than other phytoplankton groups. The 
average quantities of the green algae at both stations (Lake 1 
1*29 units/ml, and Lake 2 328 units/ml) were higher than those of 
diatoms (Lake 1 356 cells /ml and Lake 2 255 cells/ml)-- the total 
populations were decreasing with depth, and the counts found at the 
surface were 639 units /ml at Lake 1 and 5*6 units/ml at Lake 2. Blue- 
green algae occurred in the lake in much smaller abundance than the 
greens (ave. at Lake 1 72 units/ml, and at Lake 2 53 units/ml), but 
higher than the Flagellates, Pyrrophyta and Chrysophyta. As the greens, 
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they were found in highest concentrations of ca. 9^ units/ml in 
surface waters. The growth of phytoplankton in the lake, and 
expecially the growth of diatoms in the upper parts; of the water 
columns, was evidently inhibited by the depletion of phosphate and 
very low concentrations of silica and nitrate (see discussion in 
Section V, subsection B. The Lake). 

2.* Bacillariophyta 

In the river, middle plume, edge of the plume, in bottom waters 
at both lake stations, and also within the metalimnion at Lake 2, 
diatoms comprised between hO.83 percent (surface, MP) and 83.56 
percent (bottom, Lake 2) of total phytoplankton. Within the 
epilimnions at the lake stations, and the metalimnion at Lake 1, 
they made up only 0.^0 percent to 7.79 percent of the total. At PP, 
MP and at the bottom at EP, Centrales were much more abundant (37-70 
percent to 64.01 percent) than Pennales (5-02 percent to 10. 03 percent). 
At most sampling depths in the lake and in the upper parts of the 
water column at EP, the abundance of the pennate diatoms equaled or 
somewhat exceeded the quantities of the Gentries. Diatoms, cell 
counts, and the relative abundance of diatoms in total phytoplankton 
are presented in Tables 1 and 2. Numbers of species found at various 
sampling depths are shown in Table hi. 

Three species of the Centrales, Cyclotella m eneghiniana v. 
plana (max. 2919 cells /ml, bottom, MP), Melosira granulata (max. 2922 
cells/ml, bottom, MP— it was also the highest count recorded for this 
phytoplankter) and M. granulata v. angustissima (max:. 1172 cells /ml, 
bottom, PP), dominated total diatom populations in the river and middle 
plume. Average numbers of the first species declined from PP 
(1803 cells /ml) toward MP (1302 cells/ml) and EP (75 cells /ml). Very 
small quantities were observed at all sampling depths in the lake, 
expecially in the epilimnion; 0.2-9- cells /ml. Melosira granulate 
was present at MP (ave. 1727 cells /ml) in quantities higher than at 
PP (ave. 1363 cells /ml) and over ten times higher than at EP (ave. 
163 cells /ml). Unlike the former entity, it was also abundant in 
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bottora waters in the lake and at 18 meters at station Lake 2 (84-353 
evils /ml). Minimum numbers (0.2-1 cells/ml) were noted in the 
epilimnions at both lake stations. Concentrations of M. granulata v. 
angustissima were quite similar at both PP (ave. 6jk cells /ml) and MP 
(ave. 5&9 cells/ml). Rather large quantities (202 cells /ml) were also 
observed at the bottom at Lake 1. Lower abundance was found at EP and 
in deep waters at Lake 2 (7-29 cells /ml). This entity was practically 
absent from 1 and 5 meters depth in the lake. 

Less abundant in the river and middle plume were: £. meneghiniana, 
£• comensis and C. cryptica . The second species was not noted in any 
other collections during the previous months, and £. cryptica only 
occurred in small abundance (1-5 cells ml) in March and November, in 
the plume area. Highest count of C. meneghiniana, 555 cells/ml, was 
found at 6 meters depth at PP, also the average quantity at this station 
(313 cells /ml) was higher than at MP (207 cells /ml),. Very small numbers 
(0.1-3 cells /ml) were observed in the top waters at the remaining 
stations; a somewhat higher cell count (16 cells /ml) was found at 
the bottom at EP. Cyclotella comensis was more abundant than C. cryptica 
at both stations PP and MP. Counts of the former species ranged from 
6l to 615 cells /ml, and of the latter from 13 to ^33 cells/ml. Maximum 
populations of both entities occurred at 6 meters depth in the river 
and at the bottom in the middle plume. Both species were absent from 
the lake. They were noted in small numbers (0.1-11 cells /ml) at 
station EP. 

Two representatives of the genus Stephanodiscus, S. sub ti lis 
^^ §.• tenuis, were very common in the river, with highest concentrations 
at 6 meters (115 cells/ml and 7^ cells/ml respectively). The former 
species was noted also in one sample from MP (8 cells/ml) and EP 
(l cell/ml). The latter was present at all depths at MP (ave. 9 cells/ml) 
and at the bottom at Lake 2 (0.1 cell/ml). 

Coscinodiscus subsalsa was noted at all five stations. Two 
maximum cell counts were found in bottom waters at MP (hi cells/ml) 
and PP (35 cells/ml). Numbers observed at other sampling depths, in 
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the river, middle plume and at EP, ranged 1-9 'cells/ml. Only isolated 
individuals were noted in three samples from the lake. Another member 
of this genus, Coscinodiscus sp., which was never found during the 
previous months, was present in the river and middle plume in larger 
abundance than C. sub sals a ; its highest counts were found at the bottom 
at MP (82 cells/ J.) and at 6 meters at PP (67 cells /ml). This entity- 
was absent from the lake samples and only few cells were noted in two 
collections from station EP. 

Common in the river, especially at the bottom (ave. U6 cells/ml), 
and absent from all other stations was Cyclotella s triata which as 
the former entity ( Coscinodiscus sp. ), was not observed during the 
previous months. 

Several other centric diatoms were relatively common (at most 
tl cells /ml) at few sampling depths either at PP, MP or EP, mainly 
in deeper waters. With the two exceptions of £. comta and £. operculata 
they were absent from the lake or present there in very small abundance, 
Melosira varians was found in the river (ave. 25 cells/ml), and in 
three samples from the middle plume and edge of the plume (0.2-11 
cells/ml). It was absent from the lake. Common in the river and middle 
plume were Stephanodiscus hantzschii (3-35 cells/ml) and S» minutus 
(3-32 cells /ml). Both entities were present at E? and in the lake 
(0.1-1 cells /ml) — the latter species was more frequently noted than 
the former one. Highest abundance of S. alpinus (9-4l cells/ml) was 
observed at the bottom at PP, MP and EP. Counts found in the upper 
parts of the water columns at MP, EP and in the lake ranged from 
0.1 to 7 cells/ml. Cyclotella comta and C. operculata were noted in 
most collections. The former species was common (9-3^ cells/ml) in 
the middle plume, edge of the plume and in deeper waters at both lake 
stations. Quantities found in top waters in the lake and river were 
much smaller; 0.2-5 cells/ml. The latter entity was present in highest 
numbers (12-hl cells/ml) at MP and at the bottom of stations PP, EP 
and Lake 1. Low abundance (0.1-2 cells /ml) was observed at the upper 
sampling depths at EP and in the lake. 
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Five other representatives of che Centrales, C yclotella 
hutzingiana, C. ocellata, C. pseudostelligera, C. stelligera and 
Stephanodiscus astrea, were noted in only a few samples in small 
numbers, usually 0.1-9 cells/ml. Their quantities found at EP and 
in the lake were always very small; 0,1-2 cells/ml. 

Two more phytoplankters, Melosira islandica and Stephanodiscus 
trans ilvanicus , were found in the lake, the latter also at station EP. 
Both were absent from the river and middle plume. The first species 
was common (22 cells/ml) at the bottom at Lake 1, and very common 
(77 cells/ml) at the bottom at Lake 2. Isolated cells were noted in 
samples from 5 and 11 meters depth at station Lake 1. The second 
entity was observed only in very small abundance (0.1-1 cells/ml) at 
a few sampling depths at EP and in the lake. 

In August the flora of the Pennales was very rich; they were 
represented by 279 taxa, with the Centrales by 27. As in all previous 
months, highest numbers of species belonged to the family Fragilariaceae 
(50) and genera Navicula (73)/ Nitzschia (32) and Achnanthes (2l). 
About 51 taxa were included in counts of various rare diatom species. 
Generally, the largest diversity of species — including also the centric 
diatoms — was observed in the middle plume (251 taxa) and the smallest 
in the lake (V3-W taxa), Table hi. 

Maximum concentration of Fragilaria crotonensis, , 500 cells/ml, 
was found at the bottom at station Lake 1; only small numbers (l-15 
cells /ml) were noted in the upper waters. This species was absent 
from the epilimnion at Lake 2, but, as at the first station, it was 
present there at the bottom (33 cells/ml) and at the lower level of 
the thermocline, at 18 meters (179 cells/ml). The quantities found at 
other stations declined from the river (ave. 152 cells/ml) toward the 
middle plume (ave. Ill cells/ml) and EP (to cells/ml). The highest 
count (289 cells/ml) was recorded from the bottom of PP. It should 
be pointed out here that the entities observed in the river, middle 
plume and edge of the plume, differed somewhat in shape and size from 
those found in the lake — it was decided to designate them rather as 
varieties of F. crotonensis. 
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Hie highest count of F. capucina (68 cells /ml) vas found in the 
bottom water at Lake 1. Populations at the bottom at MP and at the 
levels of the thermoclines at EP and Lake 2, were of identical sizes; 
45-51 cells/ml. The average nunfcers in the river, middle plume and 
edge of the plume ranged from 10 to 28 cells/ml. As with F. crotonensis, 
this species was also absent from the epilimnion at Lake 2 and was 
present in low quantity, c&. 3 cells /ml in the epilimnion at Lake 1. 
Counts of F. capucina included also those of F. capucina v. mesolepta ; 
this entity was common in deeper waters at all stations. Another 
variety of this species, Y. capucina v. lanceolate : was noted in very 
low abundance at the bottom at FP and EP, and at 5 meters at MP, 

About 17 other members of the genus Fragilaria were found in 
collections from the river, middle plume and edge cf the plume. Most . 
of them were absent from the lake. Only F. intermedia was relatively 
common at the bottom at station Lake 1, also F. cons true ns and 
£• v&ucheriae v. capitellata were noted in very small numbers at the 
same station. The two first species were common at practially all 
sampling depths at PP, MP and EP. A few varieties of F. construens 
were present in lower quantities; most abundant was F. construens v. 
binodis, especially in deeper waters, and at the surface at EP. 
Fragilaria vaucheriae v. capitellata occurred rather numerously at 
the level of the thermocline and at the bottom in the middle plume and 
edge of the plume. It was absent from the river. A related entity, 
£• v&ucheriae v. truncata, was common in deeper water at PP and rare at 
MP and EP. Relatively common in most samples from the river and plume 
area was F. brevi striata v# inflata . The nominate variety, 
F. brevistriata, was present in higher numbers in the river but was 
rare at stations MP and EP. Largest populations of both species were 
observed at 5 meters depth and at the bottom of PP. Fragilaria pinnata 
and £• Pinnata v. lancet tula were found at all three stations (PP, MP, 
EP) with highest quantities in the river, and at the bottom in the 
middle plume. Few other entities as F. leptostauron v. dubia, 
Fragilaria sp, #6 and Fragilaria sp, #11, though were present in most 
samples from the river and plume area, occurred in lower abundance. 
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Maximum total quantities of the genus Synedr a were found at 
the bottom in the middle plume 23O cells/ml. Smaller abundance was 
observed at the surface of the same station (84 cells/ml) and in 
deeper water in the river (ca. 115 cells/ml). An average of about 
7 cells/ml was noted at EP, and still smaller nunfcers (2 cells/ml) were 
found at the bottom at both lake stations. Only isolated specimens of 
a few species were noted in the upper parts of the water columns in 
the lake. 

Among 18 members of this genus included in counts, most abundant 
at stations PP, MP and EP were: £. ulna v. spathullfera, S. ulna v. 
oxyrhynchus, S. acus and £[. ulna ; the same species, except the 
second one, were noted in the lake. Rather large populations of 
S. delicatissima v. angustissima were observed at 6 meters depth in the 
river, and at the bottom in the middle plume. Common in the bottom 
water at MP were also: £. delicatissima, ,S. parasitica v. sub cons tri eta 
an ^ L §.• u ^ na v « claviceps . The former two entities were only present 
in small quantities in few other samples. The latter was commonly 
found at the bottom in the river. A few other species such as 
§.• fosciculata, S. parasitica, S. pulchella, S. ulna v. contracta 
and S, ulna v. chaseana, were noted in small abundance in the river and 
middle plume. The last entity was present also at stations EP and Lake 2. 

Representative of the genus Tabellaria, T. fene strata was present 
at all stations. Highest count, 113 cells/ml, was found at the bottom 
at Lake 2. A smaller quantity, h2 cells /ml, was observed at 18 meters 
at the same station; populations of similar sizes (^0-55 cells/ml) were 
found in bottom waters at station Lake 1 and in the middle plume. Numbers 
found in the upper waters in the lake and at h*?, and in the edge of 
the plume ranged from 1-11 cells/ml, with higher quantities noted at the 
two last stations. Very low abundance, ca. 0.3 cells/ml, was found in 
tiie river. 

Asterionella formosa, the only representative of this genus 
identified in the August collections, was found in largest quantity 
(59 cells/ml) at the bottom in the river. Numbers noted at other sampling 
depths, at stations PP, MP and EP were small; 0.1-9 cells/ml. This 
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phytoplankter was present also in the lake at the bottom of station 
Lake 1 (ll cells/ml) and at 18 meters at Lake 2 (31 cells/ml). 

Maximum quantity of the genus Diatoma was found at the bottom 
at station MP (27 cells/ml). An average of about 7 cells /ml was noted 
in the river, an equally small population (8 cells/ml) was observed in 
bottom waters at Lake 1. Still lower abundance, 0.1-2 cells /ml was 
noted in a few samples from EP, top waters at MP and from the thermo- 
cline at Lake 2. Most conxnon in the river and the plume area was 
D# vulgaris . Two varieties of this species, D. vulgaris v. brevis and 
£• vulgaris v. linearis were present in the river and at the bottom 
at MP. Diatoma tenue v. elongatum was the only metier of the genus 
found in the lake; it was rare at MP and EP and absent from the river. 

Highest total cell counts of the genus Nitzschi a were found in 
the river (3O9 cells/ml at 6 meters, and 219 cells/ml at the bottom) 
and in the middle plume (295 cells /ml at the bottom). Average 
quantities decreased from the river (190 cells/ml) toward the middle 
plume (ife) cells/ml), and declined drastically toward the EP (19 cells/ml). 
In the lake, members of this genus were only found in deep waters, with 
concentration of hj cells/ml at the bottom at Lake 1 ajad 32 cells/ml 
at 18 meters at station Lake 2. 

Species which contributed mostly to the total abundance of 
Nitzschia at the three stations PP, MP and EP were: If. wolterecki, 
entities designated as Nitzschia sp. M A" and Nitzschia sp #2, N. palea 
and S* dissipata, Nitzschia sp. #2 was also common at 18 meters at 
Lake 2 and somewhat less numerous at the bottom of Lake 1. Present 
in high concentrations in the river and middle plume, :aainly in deeper 
water but virtually absent from station EP were: N. baeata, 
£• capltellata, N. linearis and N. hungarica . Somewhat less abundant 
at the same sampling depths were N. amphibia and N. font i cola. 
Sporadically common in collections from PP or MP were: N. acuta, 
£• spiculoides, N. tryblionella (they were found at 6 meters at PP) 
and N. tryblionella v. levidensis (noted at the bottoa of MP). Rather 
numerous at station EP and the bottom at MP was N. rect a. Nitzschia 
acicularis was common in deep samples from Lake 1; it was present 
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usually in much smaller quantities at PP, MP and EP. This species 
and formerly mentioned Nitzschia sp. #2 were practically the only 
representatives of the genus found in the lake — only in deep waters. 

Average abundances of the genus Navicula were of similar sizes 
in the river (f6 cells/ml) and in the middle plume (68 cells /ml); 
highest concentrations were found in deeper waters. Numbers noted at 
station EP were much smaller (ave. 9 cells/ml). In the lake, the 
only appreciable quantity of this genus was observed at station Lake 1 
(3 cells/ml at the bottom). 

Among 73 representatives of Navicula taken in the August 
collections , most abnadant in the river, middle plume and edge of the 
plume were: N. tripunctata and N. decussis — they were also present 
in the lake. Common or relatively common in the river and middle plume, 
particularly at station PP, and rare at EP were: N. tr ipunctata v. 
sehizonenoides , N. viridula, N. gastrum, N. lanceolata , Navicula sp. 
(pygmaea v. producta ), N. cryptocelphala v. intermedia , N. pupula 
an ^ **• ca P^- tata * A few species N. cryptocephala, N. gregaria^ 
£• heufleri, N- oppugnata and N. scutelloides which were usually present 
in low quantities at most sampling depths at PP, MP and EP, were found 
in higher numbers only at 6 meters depth in the river and at the bottom 
in the middle plume. Isolated higher counts of several other entities, 
^ # cuspidata, N. imbricata, N, cryptocephala v. veneta , N. radiosa, 
£• r a(3 ^°sa v. tenella and N. viridula v. rostellata were observed at . 
the same stations, at various depths. Two species, N. latens and 
£• men * s cuius v. upsaliensis were very common at the bottom in the middle 
plume and quite common at EP — they were rare in the river and the upper 
segments of water columns at MP. Present in all or most samples from 
PP, MP and EP, always in low abundance were: N. capitat a v. hungarica, 
£• confervacea, jj. protracta v. elliptica, N. paludosa (absent from 
EP) and N. costulata (noted also at Lake l). Few varieties of N. anglica 
and S- dementis and also N. platys toma v. pantocsekii and N. pupula 
v# rostrata were noted frequently but in low quantities, mainly in 
the middle plume and edge of the plume. 
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A large number of diatom species, about 123, members of genera 
Achnanthes, Amphora, Cocconeis, Cfrmbella, Go-jphonema and many others 
were found in this month's collections, especially in those from 
stations PP, MP and EP. Only 19 of them were found In the lake, 
always in very low quantities. 

Very common or common in most samples from the river, middle 
plume and edge of the plume, with highest concentrations in deeper 
waters, usually decreasing toward the EP were: Rhoicosphenia curvata, 
Gomphonema olivaceum, Achnanthes lanceolata v. dubia, Cocconeis 
placentula, C. placental la v. euglypta, C. pedi cuius, . Amphora ovalis v. 
pediculus and A. ovalis v. libyca. 

Somewhat less abundant at the same sampling depths in the river 
and middle plume and usually rare at station EP were: Achnanthes 
lanceolata, A. hauc.kiana v. rostra ta, A. clevei, A. h ungarica (it was 
absent from EP), Amphora ovalis, A. ovalis v. gracilis (common also at 
the bottom at EP), Cocconeis diminuta, C. thumensis, C. placentula v. 
lineata (common at bottom, EP), Gomphonema angustatum and Opephora 
martyi (common at 5 meters, EP). 

Present in still smaller quantities at the same stations (PP, MP) 
veres Qyrabella sinuata, C. ventricosa, Cfrmatopleura solea and Meridion 
circulare. 

Several species were found commonly only in solitary samples 
either from the river, middle plume or edge of the plume. They were 
rare or absent from all the remaining collections. Thus relatively 
common at 6 meters depth in the river were: Achnanthe s conspicua, 
Bacillaria paxillifer, Ca lone is amphisbaena (also at the bottom), 
Surirella ovata, Rhopalodia gibba and varieties of Gomphonema olivaceum. 
Common at the bottom in the middle plume were: Cjymbell a tumida, 
Gomphonema angustatum v. producta and G. gracile. Coranon at the bottom 
in the edge of the plume were: Achnanthes affinis, Amphora calumetica 
and Neidium sp. #3» Three more species were found in rather high 
numbers at the same station (EP): Caloneis ventricosa was common at 
all sampling depths, mainly at the surface; Amphora neglecta was very 



-Ill- 



common at 5*5 meters depth and present in much smaller quantity at 
the bottom; and A. siberica occurred numerously at 1 and 5-5 meters 
and also at 5 meters at station MP. 

Species present in the lake were in most cases the same as those 
vhich occurred commonly in the river, middle plume and edge of the 
plume* 

k. Chlorophyta 

At stations MP, PP and EP green algae comprised between 18.5^ 
percent and h6. 19 percent of the total phytoplankton. In the epiliranions 
at both stations in the lake, and at the level of the thermocline 
(11 m) at station Lake 1 they made up between 71*5^ percent and 84,17 
percent of the total, much more than in the deeper waters (ll.06 to 
32.73 percent). In the river and middle plume, total counts of the 
greens varied from 660 units/ml (surface, at PP) to 40 ( 57 units/ml 
(bottom, at MP). At station EP and in the lake, all counts except the 
^smallest (51 units/ml, bottom, at Lake 2) ranged from 301 units/ml 
(11 meters, Lake l) to 639 units /ml (surface, Lake l). Generally, at 
stations PP, MP and EP highest concentrations were found in deeper water 
and in the lake at the surface. The flora of the greens was very 
diverse, 109 taxa were included in the counts (Tables 3 and 4i). 

Maximum population densities of the genus Sceneclesmus were 
observed in the river and middle plume, the counts of bi few abundant 
species often exceeded 50 and at times 300 col/ml. Total quantities 
found at station EP (1-17 colonies/ml) and in the lake (usually 1-k 
col/ml) were disproportionately smaller. Among 17 members of the 
genus reported from the August collections, most numerous by far were 
S. abundans (maxima 5kd and ^51 col/ml in bottom waters at MP and EP 
respectively) and S^. opoliensis (maximum 33^ col/ml, at the bottom, MP). 
The counts of the former species at other sampling depths at stations PP 
and MP ranged from 78 to 390 col/ml, and of the latter from h$ to 263 
col/ml. Minimum numbers of both species noted in deeper water in the 
lake were 1-2 col/ml. Average populations of S^. quadricauda in the 
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river and middle plume were identical ca. 6j col/ml. Quantities 
found at EP and in the lake ranged 2-11 col/ml, Scenedesmus 
incrassatulus was common at PP (ave. 18 col/ml) and MP (ave. 
k2 col/ml); it was absent from all other stations, except at the 
surface at EP (l col/ml). Two other species were found frequently 
in samples from the river: £. dimorphus (ave. 2k col/ml) and 
§L* perforatus (ave. 10 col/ml). Both were noted at only few depths 
at the other stations, in lower abundance (0.6 to h col/ml). Except 
for isolated peaks of a few species as S. acuminatus (19 col/ml, 
surface MP), S. denticulatus (25 col/ml, bottom MP) and £. bernardii 
(18-19 col/ml, bottom PP and MP) all the remaining merribers of this 
genus were found in small numbers and only sporadically. 

Contrary to the species of Scenedesmus which were concentrated . 
mainly in the river and middle plume and which were absent from or 
rare at EP and in the lake, representatives of the genus Oocyst is 
were often very common at all five stations. Few species, 0. solitaria, 
2> P ar v a * 0. lacustris, 0. borgei and 0. crassa were present in all 
or most collections. Highest counts of 0. solitaria, ca. 1^9 col/ml, 
were recorded from the bottom in the river and the surface in the 
middle plume. Average populations at PP (130 col/ml) and MP (ll6 col/ml) 
were of similar sizes and over twice as large as those at EP (51 col/ml); 
these in turn were about twice as high as in the lake (average at both 
lake stations, ca. 23 col/ml). Oocystis parva (max. 123 col/ml, at 
the surface at Lake l) occurred numerously at most sampling depths — 
average quantities at Lake 1 (66 col/ml) were greater than at the 
other stations (ave. 25 to kO col/ml). Maximum abundance of 
0. lacustris was found at station EP (ave. 55 col/ml), smaller 
populations 2-3^ col/ml were observed at other sampling depths. 
Oocystis borgei was common in the middle plume (ave. 33 col/ml) and 
quite common at 5 meters at Lake 1 (12 col/ral). All remaining counts 
of this species ranged from 1-7 col/ral. Relatively small numbers of 
0. crassa (ave. 7-1^ col/ml) were noted at all stations. 
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Few species of this genus vere absent from the river; they 
occurred often in high numbers in the plume area or in the lake. 
Oocystis gloeocys t i f ormi s was only found in the lake collections, 
TOie highest quantity, ^9 col/ml, was observed at 5 meters depth at 
Lake 1; the smallest, 8 col/ml, from the bottom at Lake 2. Other 
counts vere quite uniform (22-36 col/ml). Average populations of 
SL # submarina in the middle plume and edge of the plume were identical, 
ca. 27 col/ml, and somewhat higher, than at Lake 1 (20 col/ml). Minimum 
numbers (ave. 5 col/ml) were noted at Lake 2. Counts of 0. pussila 
at MP, EP and in the lake ranged from 1 col/ml (at three depths 
of station Lake 2) to 19 col/ml (at the bottom of MP). Oocystis 
elliptica was noted in few samples from EP and lake in small quantities 
(1-5 col/ml). 

Several species, members of other genera than. Scenedesmus and 
Oocystis were found in large abundance in this month's collections. 
With some exceptions, they were present at all stations, but the 
quantities found in the river and middle plume much exceeded those at 
station EP and in the lake. 

Numerous populations of Golenkinia radiata were found at all 
segments of the water columns at stations PP (ave. 279 cells/ml) and 
MP (ave. 338 cells/ml), the highest count (519 cells/ml) was recorded 
from the surface at the latter station. Smaller quantities were noted 
at EP (ave. 22 cells/ml), Lake 1 (ave. 7 cells/ml) and Lake 2 
(1-4 cells/ml). 

Cell counts of Ank i s tr ode simis falcatus in the river and middle 
plume ranged from ll4 cells/ml (at the surface, PP) to 371 cells /ml 
(at the surface, MP), and at the remaining stations from 1 cell/ml 
(top waters at Lake 1 and bottom of Lake 2) to ca. 2$ cells/ml (at the 
bottom at EP and Lake l). 

Average concentrations of Crucigenia apiculata in the river 
(108 col/ml) and middle plume (91 col/ml) were similar. Numbers over 
ten times smaller were found at station EP (8 col/ml) and still smaller 
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at Lake 1 (1-6 col/ml). Two other species of this genus C. quadrata 
and C. rectangular is occurred commonly (2-56 col/ml) at various 
sampling depths at MP and in the lake/ and in lower quantities 
(1-7 col/ml) at station EP. With the exception of the latter species, 
found in numbers of 30 col/ml at the bottom at PP, they vere absent 
from the river. Present in bottom waters at station PP (28 col/ml) 
and MP (3 col/ml) was also £. truncata — it was absent from all other 
collections. 

Very common in the river, except at the surface, and in the middle 
plume vere Closteriopsis longissima (26-81* cells/ml) and Pi c tyospher ium 
pulchellum (26-93 col/ml). Numbers of both entities found in surface 
waters at station PP, in the edge of the plume, and in the lake ranged 
from 1 to 7 units/ml. Only C. longissima was observed in larger 
abundance (18 cells/ml) at the bottom at EP. 

Another phytoplankter, Gloeocystis planktonica was very common 
in most collections. Average quantities at all stations, except MP 
(89 col/ml), were remarkably similar (k0-k6 col/ml). Three members 
of the same genus, G. gigas, G. vesiculosa and G. majo r were found in 
smaller abundance in several samples from the edge of the plume and 
lake (l-l^ col/ml). The last species was common at 1 and 5 meters 
depth in the middle plume, ca. 38 col/ml. 

A large number of other less abundant species of the green algae 
vas found in August. Some of them were present in most samples, 
some only in those from the river and middle plume, others were absent 
from the river, rare in the plume area, and common in the lake. Most 
of these greens were usually found in abundances lower than 10 units/ml, 
only sporadically were they observed in rather high numbers. 

Present in most samples were a few representatives of the genera 
Coelastrum, Kirchneriella, Lagerheimia, Tetraedron, Westella and also 
Nephrocytrum agardhianum, Quadrigula lacustris, Mougeotia sp. and 
Tetrastrum s taurogeni ae forme . Maximum abundance of Coelastrum re ticu latum 
(98 col/ml) was found at the surface at station Lake 1. Other counts 
of this species and of C. sphaericum were much smaller (O.6-3O col/ml). 
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Members of the genus Kirchneriella, K. elongata, K. lunar is and 
K* pbesa were generally found in low quantities (1-5 col/ml), they 
were more common (11-19 col/ml) at 6 meters depth at station PP. 
Hie last species was also common (19-25 col/ml) at the surface and 
bottom in the middle plume. Few species of the genus Lagerheimia 
were noted in small numbers (1-8 cells/ml) , only L.. ciliata occurred 
somewhat more numerously (12-14 cells/ml) at 1, 5 and 18 meters at 
Lake 2. Members of the genus Tetraedron were common in few samples 
from the river and middle plume (9-40 cells/ml); only two species 
£• Immla and T. minimum were observed at all stations, usually 
1-5 cells /ml. Westella botryoides and W. linearis were common 
(11-22 col/ml) in bottom waters at PP, MP and EP. The former species 
was also common (11 -43 col/ml) at both lake stations, especially in 
the metalimnion. Highest quantities of Mougeotia sp. (9-21 fil/ml), 
Nephrocytium agardhianum (10-46 col/ml), Quadrigula lacustris (l4-19 
col/ml) and Tetrastrum s t aurogeni ae forme (II-65 col/ml) were found 
in the middle plume and at the bottom in the river. Mougeotia sp. 
was also common (24 fil/ml) at the bottom at Lake 1. Quantities of 
all four species found in other samples were much lower (1-8 units/ml). 

Occasionally common and present practically only in the river 
and middle plume were Actinastrum hantzschii (4-30 cells/ml), 
Tetradesmus smith ii (4-19 col/ml), Treubaria setigerum (3-11 cells /ml) 
and a few species of Pediastrum (1-84 col/ml) especially P. duplex for 
which the maximum count was recorded at the bottom at MP. Actinastrum 
hantzschii was absent from all other stations, the remaining algae were 
noted in very few samples in low abundance (1-2 units/ml). 

Present in all or most samples from the lake and occasionally 
noted in the plume area and absent from the river were: Chlorella 
vulgaris — mainly in top waters (22-l6l cells/ml), K Lanktospheria 
gelatinosa (l-9 col/ml), Sphaerocystis schroeteri (1-13 col/ml), and 
Characium sp. (l-27 cells/ml) which was also noted in the river at the 
surface (2 cells /ml). Another species, Schizochlamy s gelatinosa, 
was found mainly in surface waters in the plume area and lake 
(1-19 col/ml). 
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Isolated higher peaks of green algae which were absent from 
all or most collections were observed in few instances. Thus an 
unidentified colonial desmid was found in a very large abundance 
of ca. 1293 cells/ml, at the bottom at station MP. Excentrospbaera 
viridis was common (30 cells /ml) at 5 meters depth at MP, and 
Elakatothrix gelatinosa was noted at all sampling depths (ave. 10 col/ml) 
at the same station. 

All remaining greens, including France i a droescheri, 
Desmatr actum sp., Dinorphococcus lunatus, Ulotrix sp., Schroederia judayi 
and several others, were observed sporadically in low abundance 
(1-9 units/ml). 

5s Cfranophyta 

In August, blue-green algae comprised between 0,12 percent (at 
the bottom, PP) and lS.28 percent (at 11 meters, Lake l) of total 
phytoplankton. Average concentrations at stations MP, EP and Lake 2, 
were very similar; *H-53 units/ml, and lower than at Lake 1; 72 units/ml. 
In the river, members of this group were only found at the bottom 
(12 units/ml). With the exceptions of stations PP and MP, highest 
quantities of the blue -greens were found in the upper segments of 
the water columns. 

Among 11 taxa of C^anophyta included in the August counts, 
present at the bottom in the river were only Hiormidiuir t spp. 
(7 fil/ml) and Chrooccccus limneticus (5 col/ml). Phcrmidium spp. 
were also common (19 fil/ml) at the bottom in the middle plume, and 
were rare (l fil/ml) in two samples from stations EP (at 1 meter) 
and Lake 1 (at 11 meters). The latter species occurred in all but one 
(bottom, Lake 2) collections from the plume area and lake, in quantities 
usually higher than h and smaller than 15 col/ml; highest numbers were 
found at station Lake 1. Another species of the genus Chroococcus, 
£• prescottii, was found in much larger abundance, particularly in the 
epilimnion and metalimnion at both lake stations. Average populations 
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of this alga increased four- to fivefold from the middle plume 
(8 col/ml) toward the lake (**0 col/ml at Lake 1, and 36 col/ml at 
Lake 2). The highest count, 69 col/ml, was recorded from the surface 
at Lake 1. Chroococcus minutus was relatively common at stations 
MP and EP (1-9 col/ml). 

Anabaena spp. were observed in practically all samples from the 
plume area and lake. Average quantities at stations MP and EP, ca. 
6 fil/ml, were higher than in the Jake, 2.5 fil/ml. 

Highest numbers of Oscillaioria spp. were found in the middle 
plume (ave. 9 fil/ml). Smaller abundance was observed at EP 
(ave. 4 fii/ml) and in three samples from the lake (1-3 fil/ml). 

Aphani zomenon f los - aquae was noted at a few sampling depths with 
a maximum of 6 fil/ml, at the bottom in the middle plume. 

Occasionally rather common, mainly in the surface waters, and 
observed only at EP and in the lake were Anacystis spp. (l-13 col/ml), 
Aphanocapsa spp. (l-15 col/ml) and Microcystis aeruginosa (3-9 col/ml). 

6. Chrysophyta 

This group of algae comprised at most I.23 percent of total 
phytoplankton (at 18 meters, Lake 2). 

Dinobryon divergens was found at all stations^ with highest 
numbers, 7-33 cells /ml, in bottom waters in the plume and lake. 

Mallomonas spp. were common in deeper water in the river 
(ave. 30 cells/ml) and middle plume (ca. 2k cells /ml) ; they were not 
found in the 1 meter samples from either station. Small numbers (1-3 
cells/ml) were noted in a few collections from EP and lake. 

Qphiocytium sp. was rather numerous in the river and middle 
plume (4-21 cells /ml) with highest concentrations at the bottom at 
PP and surface at MP. 

X - firrrophyta 

tyrrophyta made up between O.34 percent and 5.36 percent of total 
phytoplankton. 
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Peridinium spp. vere found in large abundance in the river 
(ave. ikQ cells/ml) and middle plunie (ave. 177 cells/ml). The two 
highest counts were recorded from the surface at MP (327 cells /ml) and 
at 5 meters depth at FP (263 cells/ml). Average quantities in the 
edge of -the plume were much smaller (27 cells /ml) though still higher 
than in the lake (ca. h cells /ml). 

Glenodinium spp. were concentrated mainly at 1 and 5 meters 
depth in the river and middle plume (5-k6 cells/ml). , and Cystodinium 
sp. was quite common (ca. 11 cells/ml) at the level of the thermocline 
at the same stations. 

Small numbers of Ceratium hirundinella were noted in collections 
from EP and Lake. 

8. Flagellates 

Total quantities of flagellates found in August varied from 
1 cell/ml (at 11 meters of station Lake l) to 705 cells /ml (at the 
surface in the middle plume). Zero count was found in the 5 meter 
sample at Lake 2. 

Average populations of Cryptomonas sp. decreased drastically 
from the river (30^ cells /ml) and middle plume (265 cells /ml) toward 
the edge of the plume (27 cells/ml) and Lake (Lake 1 15 cells/ml, 
and Lake 2 3 cells/ml). Maximum count, 501 cells /ml, was found at 
5 meters at station PP. 

In the river, Chlaraydomonas sp. was only found at the bottom 
(67 cells /ml). Largest quantities of this phytoplankter were observed 
at 1 and 5 meters depths in the middle plume, 195 and 100 cells /ml 
respectively. Rather numerous populations were found in bottom waters 
at stations MP and EP, and also at the surface at Lake 1 (28-33 cells/ml). 
Quantities noted in a few other samples from EP and lake were low 
(2-12 cells/ml). 

Euglena spp. vere very common in deeper water in the river 
(ca. 51 cells/ml), and were less abundant at the surface at MP 
(28 cells/ml). Smaller numbers were found in a few other depths from 
the same stations and also from EP (3-11 cells /ml). 
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Pteromonas sp, vere relatively common at 5 meters depth and 
at the bottom in the river and middle plume; 9-17 cells/ml. 
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J» General Summary of Monthly Data 

Monthly differences in physiochemical conditions and in 
phytoplankton compositions are shown as changes from the river toward 
the inshore lake. Descriptions of physical and chemical data character- 
istic of each month are followed by detailed analyses of the phytoplankton. 
Numerical abundances of total phytoplankton are related to the levels of 
silica, phosphate and nitrate. Dominant and common species of algae, 
representatives of different groups--Eacillariophyta, Chlorophyta, 
Cyanophyta, Chrysophyta, Jyrrophyta and Flagellates — (the latter group 
included entities of uncertain systematic position) are described in 
order of decreasing numerical abundance. 

There were rather pronounced differences between the areas of 
studies — the river, the middle of the river plume, the edge of the plume 
and the inshore lake waters --in the physiochemical conditions and in the 
abundance and quality of the phytoplankton. The average chemical and 
physical results are summarized in Table 7» Table 8 shows the average 
numbers and ranges of numbers of major algal groups and dominant diatoms 
at each study area. 

During each month the average values of various chemical parameters 
measured — orthophosphate, nitrate nitrogen, silica, chloride, sulfate, 
total alkalinity, carbon dioxide --were higher in the river than in the 
river plume area and much higher than in the inshore lake. In general, 
considerable decline of these values was found from the river toward 
the middle of the plume and then a less pronounced decrease toward the 
edge of the plume and lake. 

The pH results were either similar in all areas or higher in the 
river. 

Concentrations of dissolved oxygen were usually lowest in the 
river and highest in the lake or in the edge of the plume. 

Hie ranges of values of most chemical substances measured, 
especially of silica, nitrate nitrogen, orthophosphate and dissolved 
oxygen were greater in the river or in the river plume than in the lake. 
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The -water temperature readings indicated that the river was 
slightly colder than the inshore lake in October and November, and 
warmer or xsuch varaer during the remaining months in the spring, 
summer and early fall. 

Secchi disc transparencies increased from the river toward the 
lake. The average percent transmission of the surface light intensity 
at the Secchi disc depth also increased from the river toward the lake. 

The typical color of the river water as seen above the white 
Secchi disc was brown or yellow-brown, it was usually lighter -yellowish- 
brown, or yellowish-green in the plume area, and again lighter, 
usually green, in the lake. 

Turbidity values were highest in the river and lowest in the 
lake. 

The average yearly abundances of total phytoplankton were more 
than fivefold greater in the river than in the inshore lake area. 
Intermediate nudbers were found in the river plume; they were higher 
in the middle of the plume than in the edge of the plume. These 
differences in algal numbers appeared to be related, to the different 
levels of phosphates, nitrates and silica. 

Inhibition of diatom growth was evident in surface waters in the 
lake during the sunnier and early fall. Low numbers of diatoms coincided 
with a depletion of phosphate, nitrate and silica. 

The physical and chemical parameters measured, as well as the 
phytoplankton results, suggest that the lower Grand River is more 
productive or eutrophied to a higher degree than the adjacent inshore 
waters of the lake. The river plume region, where intermediate values 
of productivity related parameters were found (nutrients, Secchi disc 
transparency, standing crop of phytoplankton) also appears to be more 
productive than the inshore lake waters. 

Diatoms comprised the majority of the phytoplankton numbers in 
each area, except in the lake in August when greens and other algae 
dominated the flora. Centric diatoms of the genera Qyclotella, 
Melosira and S tephanodi s cus were the predominant algae in the Grand 
River and in the river plume. In the inshore lake, pennate diatoms 
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were usually more abundant than the Gentries; Fragilaria crotonensis 
•^ Tabellaria fenestrata were the principal species. 

The river phytoplankton was at all times dominated by diatoms 
typical of highly eutrophic waters; Cyclotella meneghiniana v. plana, 
Melosira granulata v. angustissima, Melosira granulata, S tephanod i s cus 
hantzschii, S. tenuis, S . subtilis . The riverine species were usually 
present in high numbers in the river plume and in smaller numbers in 
the lake. Particularly, the three first named species, which occurred 
in highest abundance during the summer and fall, comprised a significant 
portion of the flora in the plume and lake. On the other hand, several 
species abundant or common in the lake and in the river plume, especially 
during the spring, were absent from the river or present there in small 
numbers. The absence from the river, or presence in small quantities, 
of such species as Stephanodiscus trans i lvani cus , Melosira italica subsp. 
subarctica, Synedra ulna v. chaseana, Cyclotella ocellata or such as 
Tabellaria fenestrata and Melosira islandica was not unexpected, since 
those diatoms are offshore dominants in Lake Michigan., and the first four 
species are considered as oligo trophic types (see Stcermer and Yang, 1970). 
However, the absence from the river of Stephanodiscus binder anus, or the 
sporadic occurrence of Diatoma tenue v. elongatum, Diatoma tenue v. 
pachycephala, Fragilaria capucina, F. capucina v. mesolepta and cyclotella 
pseudostelligera — which are typically found in eutrophic or highly 
polluted areas — was somewhat surprising. The qualitative differences of 
phytoplankton between the river on one hand, and the river plume and the 
lake on the other, can be apparently attributed not only to the differences 
in the level of essential nutrients, but most probably also to the 
differences in concentrations of various other chemical substances such 
as chloride, calcium or sulfate. The influence of conservative elements 
on species distribution, and particularly the importance of chlorides has 
been long recognized (see Lund, 19&5; Patrick and Reimer, 1966; Patrick, 
19^*8; Cholnoky, 196*8). The differences in the temperature regimen of 
the river and the lake, and perhaps also the very difference between 
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the lotic habitat of the river and the lentic habitat of the lake were 
most likely also significant in influencing the species distribution. 
While the Grand River is undoubtedly an important source of many 
phytoplankters for the inshore lake, its main role appears to be in 
modifying the chemical conditions of the inshore lake waters. 

During practically all months highest numbers of phytoplankton 
taxa were noted in the river plume area — this evidently reflected the 
mixing of the river phytoplankton with the lake phytoplankton. It may 
suggest also that the plume area is a region of particularly favorable 
nutritive conditions for many species. Lowest numbers of species were 
generally found in the lake. 

Compared with diatoms, other algae were found in much smaller 
numbers; among those most abundant were greens and flagellates. The 
greens and blue -greens dominated the flora during August in the lake, 
when the growth of diatoms was apparently inhibited by depletion of 
nutrients. 

Seasonal variations of phytoplankton in each of the four areas 
of studies, and correlations of numerical abundances; of algae with 
physical -chemical factors are discussed in the next chapters. 



V. SEASONAL CHANGES IN ABUNDANCE OF TOTAL PHYTOPLANKTON 
AND TOTAL DIATOMS 

In all areas of the studies — the river, the middle plume, the 
of the plume and the inshore lake — diatoms comprised on the 
average a high percentage of total phytoplankton ; Q3.Sh% at PP, 71.92% 
at MP, 16.96% at EP and 75.38? at Lake. Average quantities of total 
phytoplankton and diatoms were higher in the river (9073 units/ml and 
7607 cells /ml, respectively) than in the middle plume (hl6l units /ml 
and 3710 cells/ml), and much higher than in the edge of the plume 
(2692 units /ml and 2072 cells/ml) and in the lake (l682 units /ml and 
1268 cells /ml). Among phytoplankters other than diatoms, only green 
algae and flagellates were found in substantial numbers at the four 
areas. 

A. The Grand River 

1. Riytoplankton Fluctuations 

In the river, high cell numbers of total phytoplankton and 
diatoms occurred during all periods of sampling (average diatom counts 
vere above 1*800 cells /ml) except in March (average diatoms 1300 
cells/ml). Highest quantities in surface waters were observed during 
summer in June and July, and during fall in September and October „ 
3Vo distinct peaks of average numbers — in July (all al&ae 1UU68 units /ml, 
diatoms 12719 cells/ml) and in October (all algae T5958 units/ml, 
diatoms 1 1*230 cells/ml) — were caused partly by particularly large 
populations found at the bottom (see Figures lla,b,c) 

Seasonal variations of total flora reflected mainly the 
fluctuations of centric diatoms, especially o* Cyclotella meneghiniana 
T. plana » Melosira granulata v. angustisslma and M. granulata which 
occurred in high numbers and dominated the phytoplankton during the 
summer and fall (Tables 1 and 2). In spring, at the time when these 
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three diatoms were found in lowest abundance, £. menepfriniana v. plana 
was still one of the principal plankters, althou^i the two species 
of Melosira were greatly exceeded in numbers by Stephanodiscus hantzschii, 
S. minutus , S. subtilis and S . tenuis . Both S.. hantzschii and £. 
minutus were found in hi^iest quantities in April and declined sharply 
to low numbers in July and August. St ephano discus hantzschii was also 
present in low abundance during the fall. Stephanodiscus subtilis and 
S. tenuis were abundant during all months and showed two maxima, in 
May and in October. In March, when the total flora was at the lowest 
level, the two species were the major doirinants together with £. 
meneghiniana v. plana . A few other centric diatoms were characteristic 
in the plankton during most months and at times were found in rather 
high numbers . Thus Cyclotella stelligera and Coscinodiscus subsalsa 
were very common during the fall, and the latter species also in the 
summer ; Stephano discus astrea was abundant in June and October ; 
Melosira varians in May , June and July ; and Stephanodiscus alpinus 
in July. Certain species occurred abundantly only during single periods 
of sampling: Melosira islandica was conspicuous in the July flora, 
and Cyclotella comensis , JC . cryptica , C. striata and C oscinodiscus sp . 
were very common in August. 

Pennate diatoms were always present in much smaller relative 
abundance than the centrics (Table 2); however a few species reached 
particularly high numbers at various times . Asterionella formosa was 
very common in the late spring and early summer and Fragilaria 
crotonensis was abundant during the summer, with higher numbers in deeper 
waters. Several species which were most probably derived from benthic 
communities were common and conspicuous in the flora. These were: 
Fragilaria const rue ns , F . brevistriata , F. pinnata , Navicula decussis , 
N. tripunctata , N. cryptocephala , N. viridula , Kitzschi a sp. #2, 
Nitzschia dissipata , Synedra ulna , Diatoma vulgaris , Gonphoneraa olivaceum , 
Rhoicosphaenia cur vat a , Achnanthes lanceolata v. dubia and Amphora 
ovalis v. pedi cuius. The species of Fragilaria and Nitzschia , 
Rhoicosphaenia curvata and _A. lanceolata v. dubia were more abundant 



-126- 



during the summer than in other seasons, while the species of Navicula , 
Synedra ulna , Diatoma vulgaris and Gomphonema olivaceum were 
especially common in the spring. Abundant in the summer but absent 
during the spring and fall were: Nitzschia wolterecki , Synedra ulna 
v * sp&thulifera and S. ulna v. oxyrhynchus . Cocconeis placentula 
v * euglypta was characteristic of the late summer and early fall, and 
Achnanthes clevei and Fragilaria voucheriae v. truncata were common in 
the spring. 

Seasonal fluctuations of some of the benthic species are 
apparently similar in distinctly different bodies of water. Spring 
peaks of S. ulna, D. vulgaris , G. olivaceum and N. v iridula were 
observed by Rice (1938) in the River Thames. J^rgensen (1957) > >'ho 
studied epiphytic diatoms on Phragmites stems in two eutrophic Danish 
lakes, also observed that S. ulna , D. vulgaris , G. o livaceum and 
Kavicula crypt ocephala dominated in winter and spring. 

In the present study green and blue-green algae occurred in 
highest quantities in the summer and early fall; during this period 
the numbers fluctuated moderately and no distinct peaks were noted. 
Flagellates were abundant in March and June, Chrysophyta were common 
in late spring and summer, and Pyrrophyta in July and August. 

2. Correlations with Physical - Chemical Factors 

Seasonal variations in phytoplankton abundance; appeared to be 
associated with fluctuations of nutrients, silica and temperature 
(Figures 11a- llf ) . It appears also that nutrients and silica were not 
limiting to the algal growth. Phosphate (ave., 68.9 PP b , range 38.6- 
107.0 ppb), nitrate nitrogen (ave., ^50 ppb, range 20-1200) and 
silica (ave., ^.^3 ppm, range 0.62-8.25 ppm) were found in rather 
high supply during most periods of sampling (see also Tables 6e,6g,6h). 
Only nitrates were low in August (ave. 30 ppb); however these 
concentrations did not seem to have limited the numbers of algae as 
observed at the periods of study. Lund (1950) stated that some species 
of diatoms are able to utilize inorganic nitrogen at concentrations 
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below 0.1 mg N/liter. The amounts of silica were always higher than 
those associated with decreased diatom growth elsewhere (0.5 ppm 
SiOp— Pears all, 1932; Lund, 1950) and much higher than concentrations 

which are considered to be limiting for diatoms (about 0.08 ppm — 
J^rgensen 1957, or lowest detectable in nature— Lewin and Guillard, 
1963) • The values of phosphate were greater than those which are 
likely to promote algal blooms (30 ppb--Sawyer, 19^7). Apparently 
very little phosphorus is needed by algae. According to Mackereth 
(1953) 1 ppb P/l should be sufficient to produce 16*000 cells/ml 
of Asterionella . 

Phytoplankton maxima during summer and fall coincided with 
a considerable decrease of the amounts of silica and nitrate nitrogen 
indicating a biological uptake of these chemicals from water. Lowest 
values of silica were observed in July (ave., 2.01 ppm) and September 
(ave., O.65 ppm). The corresponding concentrations of nitrate were 
266 ppb in July and 226 ppm in September. Phosphate, in .spite of 
variations, was always abundant which suggests that it might have 
been the major nutrient stimulating the high growth of phytoplankton. 
(Positive correlations of numerical abundances of algae with ortho- 
phosphate and negative correlations with silica and nitrate are 
discussed in Section VT.) Considerable decrease of phosphate from 
March to May can be attributed to the uptake by rapidly growing 
phytoplankton, and the rise to high levels in summer and fall resulted 
probably from increased organic decomposition. Summer increases in 
dissolved inorganic phosphate are apparently common in rivers (Blum, 
1956, 1957). 

Highest numbers of phytoplankton were found in warmer months and 
corresponded with a temperature range between l6°C in October and 27°C 
in July. Rice (1933) and Schroeder (1939) observed that warm water 
favors the growth of Cyclotella meneghiniana and M elosira granulata , 
diatoms which I found — especially their varieties, C. meneghiniana v. 
plana and M. granulata v. angustissima — to be the major dominants in 
the Grand River. Whitford and Schumacher (19&3) sported that 
M. granulata v. angustissima is the principal alga in warm large rivers 



-128- 



of North Carolina where it reaches maximum abundance during the 
summer months. Abundant summer growth of C. meneghiniana has been 
recently observed in two English rivers, the Severn and the Stour 
( Swale, 1969) • Summer and early fall maxima of C. meneghiniana and 
M. granulata have been reported also from eutrophic areas of the 
Great Lakes; M. granulata is very common in nearshore areas on the 
eastern side of Lake Michigan (Stoermer and Yang* 1970), and in 
Green Bay (Holland, 1969; Stoermer and Yang, 1970) and both species 
are abundant in Lake Erie (Hohn, 1969). 

Undoubtedly the effects of temperature on phytoplankton growth 
cannot be separated from the effects of light since both factors 
increase together and both are interrelated in photosynthesis. The 
enhanced growth of the flora in the Grand River from March until July, 
can be attributed to the increasing temperature and increasing light 
during the longer spring days. Lowest numbers of phytoplankton in 
March, when nutrients and silica were in highest concentrations, suggest 
that both low temperature and insufficient light inhibited the growth 
of algae in winter when the river was covered with ice. Lund (196k) 
stated that low light and temperature are the factors which determine 
winter minimum of algal growth. An increase in day length during the 
spring, and thus increase in illumination, is the most likely factor 
to initiate an outburst of algal growth (Lund, 1964, 1965). 

It seems then that the seasonal changes in numbers of phyto- 
plankton in the Grand River resulted chiefly from the changes in 
temperature, while the effects of incident light were particularly 
important during the spring and early summer months when the highest 
increase of algae was observed. Good illumination is apparently- 
important for the growth of C. meneghiniana . Rice (1938) stated that 
increased light favored development of this species in the River Thames. 
J^rgensen (1964) found in laboratory experiments that the rate of 
photosynthesis of C. meneghiniana was not inhibited at very high 
light intensities of 60 or 100 Klux while inhibition of growth of 
another alga, Ch lore 11a vulgaris was evident at 30 Klux. 
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Nutrients and silica in the river appeared to be in a sufficient 
supply to maintain high numbers of phytoplankton and it seems unlikely 
that the fluctuations in nutrient or silica concentrations were 
affecting the seasonal changes in the flora. In other words, it 
appears that the concentrations of silica, phosphate or nitrate as 
observed in this study were not limiting the growth of the total 
phytoplankton. However, more frequent sampling, especially in summer 
and early fall and continuation of sampling in the fall of 19&9 might 
have revealed smaller numbers of phytoplankton as well as lower 
concentrations of silica than those noted in September (minimum , 
0.62 ppm) and lower values of nitrate nitrogen than found in August 
(minimum 20 ppb). Since phosphate content of the Grand River is 
very high (higher concentrations than in this study — usually in 
excess of 100 ppb — have been reported by the Michigan Grand River 
Watershed Council (1972) and Ayers (1970) gave a figure of 520 ppb 
of total soluble P0k as an average concentration in the Grand River), 
it seems highly probable that both silica and nitrate, and particularly 
nitrate may become depleted in these waters following periods of 
maximum phytoplankton growth. High content of inorganic nitrogen might 
be necessary for abundant growth of C. meneghiniana and M. granulata . 
Cholnoky (1968) stated that C. meneghiniana has its optimum in nitrogen 
rich waters although it appears to be also a facultative nitrogen 
heterotroph. Rice (1938) found that the occurrence of M. granulata 
. in the Thames was correlated with a high percentage of nitrate. On 
the other hand, according to Hustedt (1939) M. granulata prefers a 
low nitrate-phosphate ratio, as it develops after the nutrients are 
depleted from water. Kofoid (1903> 1908) also found maxima of 
M* granulata in the summer plankton of the Illinois a.t a time when 
nitrates were very low. 

3 • Comparisons with Other Studies 

Reports by various investigators indicate that there can be 
wide variations in the patterns of seasonal changes of river 
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phytoplankton (Blum, 1956). In some highly enriched rivers of 
England, as in the Lee ( Swale, 1964) or in the Thames and the 
Kennet (Lack, 1971), diatom maxima occur during spring and fall, 
as is the case in small temperate lakes. Results of several extensive 
river studies in North America [as in the Sacramento (Greenberg, 1964), 
the Montreal (Cushing, 1964), and many rivers in North Carolina 
(Whitford and Schumacher, 1963)] and in Europe [in the Danube 
(Enaceanu, 1964) and in the Severn and the Stour (Svale, 1969) ] 
showed that highest development of algae occurs during the warm 
months of the year. Hynes (1970) reviewed many data, pertaining to 
the ecology of river algae and observed that maximum numbers of 
phytoplankton are almost always reported during summer or early fall 
and minimum in winter. 

Various authors have stated that temperature is the determining 
factor in seasonal distribution of phytoplankton although other factors 
as nutrients, light or current velocity may also be very important 
(Kofoid, 1908; Allen, 1920; Coffing, 1937; Wundsch, 1920; Greenberg, 
1964; Whitford and Schumacher, I963). The rate of flow seems to be the 
most important factor affecting diatom growth in a few English rivers, 
vnere highest numbers are invariably correlated with periods of low 
discharge (Rice, 1938; Swale, 1964; Swale, 1969; Lack, 1971). 

Diatoms were the dominant algae in the Grand :River. Apparently 
diatoms constitute the largest planktonic group in almost all rivers 
.of the temperate zone (Hynes, 1970). It appears also that centric 
diatoms usually dominate the river phytoplankton, (Swale, 1969). 
Species of centrics which were the principal algae in the Grand River 
are frequent and often abundant components of plankton in major rivers 
of the United States (see Williams and Scott, 1962; Williams, 1964). 
Melosira granulata is characteristic of the Ohio River, St ephanodiscus 
hantzschii of the Illinois and of the upper Mississippi, Cyclotella 
meneghiniana is abundant in the Rio Grande, the Red, and in portions 
of the Mississippi (Williams and Scott, I962) . In Europe C. meneghiniana 
and £• nantzschii have been reported from the Danube (Wawrik, I962) 
and the Weser (Lemmermann, 1907), C. meneghiniana and Stephanodiscus 
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tenuis in large abundance (maximum 1*6*000 cells/ml) from the Severn 
and the Stour (Swale, 1969), and S. hantzschii in great numbers 
(max. of centric diatoms 67520 cells/ml) from the Thames (Lack, 
1971) and the Lee (max. 40100 cells/ml) (Swale, 196^)* 

Numbers of phytoplankton which I found in the Grand River 
(maximum total algae 18939 units/ml; max. diatoms 169^1 cells/ml; 
max. C. meneghiniana v. plana 8935 cells/ml, see also Table 8) are 
clearly of the order of those in various other North American rivers, 
especially these with a considerable nutrient enrichment (see Martin 
and Weinberger, 1966; Palmer, 196k; Williams and Scott, 1962). 
Studies of rivers in the United States between I96I and 1963 by the 
Water Pollution Surveillance System of the Public Health Service 
shoved that about one half of 130 sampling stations had an average 
counts of at least 10000 algae/ml (Martin and Weinberger, 1966). 
It is of interest that phosphate content in the waters at about 77 
percent of the same stations was at least 100 ppb. Concentrations 
of phosphate in the Grand River were almost always lower than this 
figure but were at least 38.6 ppb. Palmer (196*0 reported that many 
phytoplankton counts from American rivers over the period of 1957 
to i960 were in the range of 1000 to 5000 cells/ml and one half of 
the highest numbers in 15 rivers ranged from 21^80 cells/ml (the 
Yellowstone River) to 101200 cells/ml (the Arkansas). Low numbers 
of phytoplankton have been repeatedly observed in the Michigan's 
. Detroit River. Wujek (1967) gave an average of 500 cells/ml as 
representative of the entire river over a period of 1962 to 19&3. 
Similarly low counts have been found by Vaughan and Harlow (1965), 
Williams and Scott (I962) and by the Michigan Water Resources 
Conmission (1970). Presumably low numbers in this river and equally 
low numbers in the St. Clair River (Michigan Water Resources 
Commission, 1970) reflect the small algal populations of Lake 
Huron whose waters enter both rivers. On the other hand, the 
Detroit River receives large loads of industrial wastes, perhaps 
containing materials which are toxic to algal growth. 



-132- 



It has been observed that large algal populations can be quite 
localized, they can be characteristic of a single station (Claus, 
196l; Williams and Scott, I962), or they can occur only in portions 
of a river (Palmer, 1964). Thus the high numbers of algae found in 
the Grand River opposite the Grand Haven Municipal Power Plant may 
be representative only of the lower reaches of this river. This 
seems very likely since, as stated by Hynes (1970), numbers of 
phytoplankton generally increase downstream, a phenomenon which is 
probably conditioned by the age of water: "the older the water the 
greater is the chance of its having acquired both drift and truly 
planktonic organisms," but- -"much must depend on local conditions." 

B. The Lake 

1. Phytoplankton Fluctuations 

In the inshore lake waters (Figures 12c, e,g) peak numbers of 
total phytoplankton and total diatoms were found in the early spring 
with highest average counts in April (total algae 3300 units/ml, total 
diatoms 2820 cells/ml). Relatively high densities were noted also 
in June (ave. total algae 2330 units/ml, ave. diatoms 1910 cells/ml). 
Generally, however, the numbers decreased gr? dually after April to a 
minimum in August (ave. total algae 770 units/ml, ave. diatoms 
300 cells/ml), when diatoms were almost entirely absent from the 
upper parts of the water columns (total diatom counts at 1, 5 and 
11 meters ranged 2 to 32 cells/ml) and the flora was dominated by 
green and blue- green algae. 

Low numbers, similar to those in August, and high numbers 
comparable to those in the spring, were found in September of 1968 
at two stations separated by a distance of 2 km. The station with 
small counts (Lake 1) was located farther from shore (2 kmi not in 
the direction of the flowing river plume, and the surface waters 
contained low, probably limiting, silica concentrations (0.32 ppm), 
which were characteristic also in the summer of 1969. The station 
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with high numbers (Lake 5) was located closer to the shore (0.8 km), 
in the direction of the plume and had silica concentrations about 
twice as high. 

Diatoms comprised the majority of the total phytoplankton 
numbers during all months except in August (Tables 1 and 2). Centrics 
dominated the flora during the spring maximum and at both stations 
in September. At other times pennates were present in usually much 
higher relative abundance than the centrics. Different species of 
the centric diatoms became conspicuous in the plankton at various 
times, showing well-marked seasonal fluctuations. Stephanodiscus 
alpinus , S. t rans i lvani cu s , Melosira islandica and to a smaller degree 
Cyclotella ocellata and S. minutus were abundant in March and April. 
The numbers of S. alpinus, S. transilvanicus and C„ ocellata declined- 
drastically in May and continued to be present at low levels during 
all other months. M. islandica and S. minutus were absent in the 
fall. Stephanodiscus hantzschii , which was usually present in small 
quantities, became abundant in April and May. Melosira italica v. 
subarctica showed a small peak in April, and Stephanodiscus binderanus 
was very common in May. Melosira granulata v. angustissima and 
M* gr&fltt3- a * a were relatively rare in the spring, rose to higher numbers 
in June, and assumed dominance among the centrics in deep waters in 
August and during the fall. Only in September at station Lake 5 were 
both species exceeded in numbers by Cyclotella meneghiniana v. plana . 
This entity was absent from the plankton only in March; during all 
other months it was relatively common, with a peak abundance in the 
early fall. Other centrics characteristic in the flora were: 
Cyclotella michiganiana and C. kutzingiana which were common in the 
fall, Stephanodiscus tenuis and Cyclotella stelliger a which were 
common in the spring, £. opereulata which was very numerous in July 
and Rhizosolenia eriensis, common in May. 

Among the pennate diatoms which were generally more abundant 
than the centrics, Fragilaria crotonensis and Tabellaria fen est rat a 
were dominant species common or very common during sJLl periods of 
sampling. Numbers of the first named species fluctuated moderately 
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and high concentrations were found in November and also in ■ 
deeper waters in July and August. Tabellaria fenestrata showed a 
continuous rise from March to a summer peak in June and July. This 
rise was succeeded by a decrease in bottom waters in August and the 
lowest quantities were found during the fall. Both species were the 
major diatoms in the summer flora, especially in deeper water, and 
F. crotonensis was the principal alga in October and November. 
Fragilaria capucina was fairly abundant during all months except in 
September when it was practically absent from the plankton. It was 
one of the dominants at the time of its highest concentrations in 
May, June, October and November. Fragilaria capucina v. mesolepta 
and F. capucina v. lanceolata were characteristic in May and June. 
Very common in the spring and early summer were S ynedra ulna v. 
chaseana, £. ulna v. danica, S. delicatissima v. angustissima which 
showed peaks in April, and also Diatoma tenue v. elongatum and 
D. tenue v. pachycephala both with a peak in June. The species of 
Synedra and D. tenue v. elongatum were usually present during other 
months in low quantities. Nitzschia sp. #2, an entity first reported 
by Stoermer and Yang (I969), occurred in high numbers in the early 
spring in March and April when it comprised about 80 percent of the 
total numbers of Nitzschia . Asterionella formosa was quite common 
during most sampling periods but never reached a definite peak. 
Somewhat higher numbers occurred in the spring and fall especially 
in November. Smallest quantities were noted in August and September 
(at station Lake 1) at the time when total diatoms; were found at 
lowest levels. 

Most of these diatom species have been previously reported from 
the inshore waters near Grand Haven (Figures 1 to kk in Stoermer and 
Yang, 1970 ; Stoermer, I968). Many of them, particularly the forms 
commonly found in eutrophic waters elsewhere ( Stephanodiscus hantzschii, 
S. binderanus , S. alpinus , S. tenuis , M . granulata , Cyclotella 
meneghiniana, Fragilaria capucina, F. capucina v. mesolepta , Diatoma 
tenue v. elongatum and others) are becoming increasingly abundant in 
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various inshore parts of Lake Michigan, especially in the southern 
and eastern areas or in Green Bay (see also Stoenner and Yang, 19^9; 
Holland, 19^8> 19^9) • Some, e.g,, Stephanodiscus binderanus have been 
observed to develop in such numbers as to cause problems with short 
filter runs at the Chicago water filtration plants (Vaughn, 1961) • 
Spring blooms of S. hantzschii were noted near Chicago as well as in 

offshore waters of the southern basin of Lake Michigan (Stoermer and 
Kopczynska, 1967)« Most of the eutrophic species referred to above 
are the present major diatoms in Lake Erie — the most eutrophied of 
the Great Lakes (Hohn, 1969). 

Among phytoplankters other than diatoms, green algae were present 
in low and constant numbers throughout most of the year and reached a 
peak in August, Blue-greens were less common than the greens 
particularly during the periods of their maxima in June, August and 
September* Flagellates were abundant in the spring and late fall and 
declined to low numbers during the summer, Chrysophyta were very 
common in July and September (at station Lake 5), and Pyrrophyta were 
usually uncommon except for somehwat higher numbers in April 
(see Table 3). 

£:• Correlations with Physical- Chemical Facto rs 

It appears that the seasonal changes in abundance of phyto- 
plankton and most probably also the seasonal succession of species . 
in the inshore lake waters were chiefly associated with the availability 
of nutrients and silica (see Figs. 12a to 12g). Physical factors 
such as light and temperature were probably also important particularly 
in the spring when increasing incident light seems to be the most likely 
factor to promote algal growth (Lund, I965). 

High numbers of total algae and total diatoms in the early spring 
corresponded with the highest observed concentrations of silica 
(range 1,50 to 2.55 ppm), nitrate nitrogen (range 170 to ^90 ppb) and 
orthophosphate (usually 9.1 to I8.5 ppb), see also Tables 6e, 6g and 
6h. There was a considerable decrease of the chemical values in May 
particularly in surface waters which coincided with a significant drop 
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of algal counts (Figs* 12d,e). Samples were not taken during six 
weeks between April and May and it is highly possible that a peak 
of phytoplankton was missed, since the decline in nutrient 
concentrations in this period was probably reflected by a further 
increase in the numbers of algae. Low values of nutrients and 
silica at the surface and often in deeper waters were maintained 
during the subsequent periods of sampling in June, July and August, 
and coincided with a general decrease of diatom counts. 13ie same 
situation, low nutrient values and small numbers of algae, was 
observed in September of 1968 at station Lake 1. 

Inhibition of diatom growth — judging by the low numbers— was 
evident in surface waters in midsummer and early fall, especially in 
August (see Fig. 12e and Table 1) . The average silica values in 
upper parts of the water columns in June, July, August and September 
(at station Lake 1) were 0.33 PPm. The corresponding average values 
of nitrate nitrogen were ca. 73 PPb. The average orthophosphate values 
from all sampling depths in May, June, July and August were about 
0.5 Ppb — in many cases orthophosphate could not be detected. It 
appears that any one of these nutrients, or perhaps all of them were 
in an insufficient supply and thus limiting for diatoms. Jm dealing 
with this group of algae one considers first of all the possibility of 
growth limitation by silica, since silica is necessary for diatom 
multiplication (Lewin; I96I, 1962) . Concentrations of 0.30 ppm SiCL are 
probably not limiting since several authors (j^rgensen, 1957; Hughes 
" and Lund, I962; Lewin and Guillard, 1963; Lund, 196^, 19&5) 
seem to agree that the cessation of diatom growth at silica concentrations 
higher than the lowest detectable in nature may be attributed to 
inhibition by other nutrients or other factors. If other nutrients are 
present in water in adequate amounts, essentially all of silica can be 
incorporated by diatoms. Works with diatom cultures and experiments 
with natural populations of diatoms. (Hughes and Lund, 19^2; Lund, I969) 
as well as observations in nature (lAind, 1969) have sh<?wn that phosphate 
may often be such a general limiting nutrient preventing efficient 
utilization of silica. In the summer and early fall of 1969 and 1970 
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Schelske and Stoermer conducted nutrient enrichment experiments with 
phytoplankton assemblages in situ in Lake Michigan and came to a 
similar conclusion (Schelske and Stoermer, 1972). They found that 
additions of small amounts of phosphate into large plastic bags 
containing natural populations of phytoplankton stimulated the growth 
of diatoms and other algae and as a result silica was reduced to 
limiting levels of about 0.05 ppm. Parts of these experiments were 
conducted at inshore and offshore stations in the vicinity of Grand 
Haven (Stoermer, Schelske and Feldt, 1971) only a few kilometers from 
lny stations and some of them were performed on the same days in July 
and August on which I collected my samples. The values of silica and 
nitrate nitrogen which I observed during the summer were similar to 
those which they found in lake water, especially at their inshore 
station (Schelske, Stoermer and Feldt, 1971) • The species composition 
of phytoplankton and the numbers of cells which I found were also 
similar to their results from the inshore station. Thus in view of 
the nutrient experiments results obtained by Stoermer and Schelske 
in the Grand Haven area it appears that phosphate was probably the 
major limiting nutrient in waters at my inshore lake stations. 

On the other hand, when the possibility of growth limitation by 
silica is concerned it is always important to consider the composition 
of diatom species present in the plankton since undoubtedly various 
species have different silica requirements, and some such as Melosira 
italica subsp. subarctica seem to be limited by concentrations of 
0.8 ppm (Lund, 195^> 1955* 19^5) while others as Stephanodiscus astrea 
have been observed to develop when silica falls to very low levels 
(see Kilham, 1971). It appears that silica concentrations of 
about 0.30 ppm typical in surface waters during the summer could 
be limiting per se for Melosira granulata and Cyclotella meneghiniana, 
species, which although they were present in relatively small 
numbers, comprised a significant part of the summer—early fall 
diatom flora. Kilham (1971) examined many data from literature con- 
cerning diatom-silica relationship and observed that there are strong 
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correlations between the numerical abundance of M. p ranulata and of 
a fev other diatom species and the concentrations of silica in the 
vater. On this basis he hypothesized also that declining ambient 
silica may influence the seasonal succession of diatoms; according 
to him, high numbers of M. granulata are consistently found in waters 
of high silica content with a mean concentration of 13.** ppm, and only 
very small populations — probably suspended by turbulence — occur when 
silica decreases to less than 1.0 ppnu He also cites the work of 
Moss (1969) who observed that in Abbot's Pond (England) Cyclotella 
meneghiniana and A. f ormos a were replaced by S. astre a at a time 
when silica declined below 0.3 ppm. In view of Kilham's observations it 
may well be that the presence of M. granulata and _C. meneghiniana in 
the inshore lake waters with such low silica content is explicable 
mainly by the influence of the inflowing river water. Both species 
occurred in very high numbers in the summer and fall flora in the Grand 
River. Both species were also included among dominant taxa reported 
t*y Schelske, Stoermer and Feldt (1971 ) from their inshore station 
located in the area of the Grand River outlet, however they were absent 
from or present in much smaller numbers at an offshore station. The 
offshore station was characterized by generally lower silica values 
than the inshore station which in turn had chemical values similar to 
those at my inshore lake stations. 

Other species , such as Fragilaria crotonensis and Tabellaria 
fenestrata which were actually more numerous in the summer plankton are 
perhaps able to thrive more effectively on lower silica concentrations, 
since they are typically found in nutrient poor oligotrophic waters 
(Hutchinson, 196*7). *n Lake Michigan F. crotonensis and T. fenestrata 
are major plankton diatoms and both species have been observed to be 
capable of thriving in a wide variety of trophic levels (Stoermer and 
Yang, 1970). According to Lund (196*5) £.• crotonensis and T. flocculosa 
may have lower silica requirements than M. italica subsp. subarctica. 
If M. granulata behaves like M. italica , as suggested by Kilham (1971), 
and T. fenestrata like T. f locculos a — both species are typical of 
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oligotrophic waters (Teiling, 1955; Rawson, 1956) and both are found 
in the same phytoplankton associations in Lake Michigan (Stoenner 
and Yang, 1970) — it is conceivable that T. fenestrata and F. crotonensis 
require lower silica concentrations than M. flranulata . 

As mentioned earlier the average concentrations of nitrate 
nitrogen in surface waters during the summer were about 70 ppb. If 
nitrate was not limiting most of the time, it was probably not sufficient 
in August at station Lake 1 where the average concentrations were 20 ppb, 
and no nitrate was detected at the depth of 5 meters (Table 6e). 

Orthophosphate usually could not be detected and as Kuenzler and 
Ketchum (196*2) have stated, the fact that one is not able to measure 
phosphate by ordinary chemical methods is not a proof that it is limiting 
algal growth, however, the evidence that phosphate was limiting at this 
time and in this area was provided by the nutrient enrichment experiments 
of Stoermer and Schelske. Another indication that phosphate was in a 
short supply could perhaps be the presence of large populations of 
Dinobryon divergens observed in July. This alga presumably prefers very 
low concentrations of phosphorus; moreover, it appears to be inhibited 
\*y higher levels optimal for many other species (Hutchinson, 1967). 

5he inhibition of diatom growth in the summer — especially in 
August—may also perhaps be attributed to toxic effects of Anabaena , 
which was present in practically all samples in July and August. 
Stoermer et al. (1971) observed during their experiments at an inshore 
station in July that phytoplankton cells declined considerably in bags 
containing senescent populations of Anabaena flos- aquae . They 
suggested that the rapid decrease of numbers of algae which they noted 
might have been caused by inhibitory substances secreted by Anabaena . 

It appears then, that the shortage of any one of the three 
nutrients measured and perhaps also other factors as the possible toxic 
effects of blue-green algae could have all contributed to the inhibition 
of diatom growth in the summer and early fall. However, it may well 
be that phosphate was the major limiting factor which prevented efficient 
utilization of silica and nitrate by diatoms. As Lund (196U) has stated 
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in his discussion of phytoplankton periodicity in the English Lake 
District ". ..the level at which silica limits the growth of these 
diatoms apparently also depends on other factors, for example, on 
the phosphate concentration" and thus "in nature we are largely dealing 
with relative limiting factors or with groups of factors, all of which 
are to some extent limiting." 

As pointed out at the beginning of the discussion physical 
factors were probably also important in the periodicity of phytoplankton 
and seasonal distribution of various species. Bie diatom flora in 
March, April, and May was marked by abundance of species reported in 
the literature to reach highest numbers in winter or spring. Species 
such as Melosira islandica or M. italica v. subarctica are among the 
very few which have been studied extensively (Lund, 195'!*; 1955) and are 
considered as ecological types growing best at low temperature and 
low light intensities (see also Hutchinson, 1967). Although apparently 
very little can be said with certainty about temper at uire or light 
preferences of the other spring dominants as St ephano discus alpinus , 
£. minutus , £. hantzschii or |3. binder anus it is conceivable that low 
temperature and lower light intensities are optimal for their growth 
at times of adequate supply of nutrients. Similar seasonal patterns 
of these species (with the exception of £. alpinus » see page 1^1 ) have 
been observed in various parts of Lake Michigan (see Stoermer and 
Yang, 1970). It may be however, that only the abundant supply of 
nutrients in the spring is the most important factor which determines 
their growth. 

The phytoplankton assemblages in the summer and fall contained 
as dominant algae Melosira granulata , M. granulata v. angustissiTna 
and £. meneghiniana which have been observed to grow best in warm 
waters and at high light intensities (see Rice, 1938; Hutchinson, 1967). 
Abundant growth of these species in the inshore lake during summer 
was apparently inhibited by depletion of nutrients and silica, although 
the physical conditions were potentially best for their development. 
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Hie influence of the river which contained high numbers of 
these three species was also an obvious factor determining the compo- 
sition of the flora in these waters, particularly during the warmer 
months. 

It appears that other physical factors such as turbulence also 
played a role in determining the distribution patterns of certain 
"heavy" species. Highest numbers of Melosira in all parts of water 
columns were found during circulation periods as in the spring and 
fall, but also in summer at times when they were most probably brought 
with inflowing river waters. In August during thermal stratification 
!!• gr&nulata, M. granulata v. angustissima and M. islandica were con- 
fined to the bottom waters of the hypolimnion. Stoermer and Kopczynska 
(1967), who studied phytoplankton in the southern basin of Lake 
Michigan, also observed that M. islandica — an offshore spring dominant — 
was present in abundance at all depths in April and May while in the 
summer and early fall its populations were restricted to deeper waters. 
Lund (195^> 1955) bas documented that turbulence is necessary to 
keep M. italica and M. islandica in suspension. Observations on 
periodicity of various species of Melosira suggest that turbulence 
may play a significant role in determining the seasonal patterns of 
both cold and warm water forms of Melosira (see Hutchinson, 19^7 ). 

In general, the seasonal fluctuations of most of the dominant 
diatoms as noted in the present study were similar to those observed in 
various areas of Lake Michigan by Stoermer and Yang (1970) and in 
southern Lake Michigan by Stoermer and Kopczynska (1967). There were 
also noted certain differences. Some of them are explicable clearly 
t>y the fact that my spring samples were obtained also in March, while 
the earliest samples examined by Stoermer and Yang and those examined 
"by us from the extreme southern portion of the Lake were collected in 
April. I noted that Stephanodiscus alpimis and S.. trans ilvanicus were 
present in very high quantities in March; their rapidly declining 
numbers in April and May would suggest that both species reached peak 
abundance earlier in the winter. Stoermer and Yang (1970 ) observed 
that in several harbors and in northern Green Bay 13. a lpinus occurs 
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in equal abundance during spring and fall. Biey did not comment on 
the seasonal pattern of S* trans ilvanicus . 

C. The Grand Biver Plume 

1. Phytoplankton Fluctuations 

In the middle of the plume, as in the river, highest abundance 
of total phytoplankton and total diatoms was noted during the warmer 
months (Figs. 13a to 13g)- Peak numbers occurred in August (ave. total 
algae were 8700 units /ml; and ave. diatoms 5106 cells /ml) and 
September (ave. total algae 8235 units /ml; ave. diatoms 7362 cells /ml) 
when, according to calculations, the waters contained highest amounts 
of the river water. Lower populations, of similar si:ses, were found 
during the colder months in March, April and November; the numbers 
of total algae ranged from ll*35 to 3731 units/ml, and diatoms ranged 
895 to 3263 cells /ml). The major algae of the summer and early fall were 
the same as in the river; Melosira granulata v. angustissima , M. 
granulata and Cyclotella meneghiniana v. plana (Table l). In June, 
July, August, September and October they comprised together about 
50 percent of the total flora. Also in April and May the river spring 
dominants (£. hantzschii » S. subtilis , S.. tenuis » £. meneghiniana v. 
plana ) were present in rather high numbers. Generally, however, in all 
periods of sampling the phytoplankton contained large quantities of 
principal lake species (that is species common at the Lake stations 
in the present stu^y), such as Fragilaria crotonensis , F. capucina 
snd Tab ell aria fenestrata . which were abundant during most months or 
Sjynedra ulna v. chaseana , ]3. ulna v. danica , Nitzschia sp. #2 and 
Diatoma tenue v. elongatum which were Yery common in the spring. In 
fact the lake dominants were often present in numbers higher than at 
the Lake stations , evidently due to the greater concentrations of 
nutrients in the plume water (see Tables 1,7>8). The lake dominants 
were the major constituents of the plankton in March — the principal 
species, entirely different from those in the river, were: Stephanodiscus 
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alpinus « S> trans ilvanicus « Qyelotella stelligera , C. ocellata, 
Melosira Islandica, Synedra ulna v. chaseana » Nitzschia sp. #2. As 
was observed in the river, the low temperature at this tine must have 
inhibited the growth of the riverine species. Also in Wovenfcer when 
the colder river was sinking in entering the lake the riverine species 
were largely confined to the deeper waters, and F. crotonens is — th e 
major lake diatom — comprised a significant proportion of the flora. 
2be river dominants which were generally very numerous in the plankton 
of the middle plume, especially in surface waters, were often present 
there in a lower relative abundance than in the river. Uiis was 
particularly evident in the case of £. meneghiniana v. plana and often 
but not always in the case of S. subiltis , §_. hantisschii* , S* mi nut us 
and Melosira granulata v. angustissima . In contrast, M, granulata 
comprised generally— except in the early spring— somewhat higher 
percentages of the phytoplankton in the middle plume than in the river. 

Benthic algae — various species of Gomphonema » Diatoma , Nifrzs-chia , 
Navicula , Synedra , etc., which were very common in the Grand River 
occurred in the middle plume in lower numbers and were mainly restricted 
to the deeper waters. It should be pointed out that Cyclotella 
meneghiniana is also considered as a primarily benthic species (Huber- 
Pestalozzi, 19**2) although apparently its variety C. meneghiniana v. 
plana — the major riverine species — is very well adapted to planktonic 
existence (Stoermer and Yang, 1970). 

In the edge of the plume, as in the lake, hi$i phytoplankton 
populations were found in the early spring (in March total algae 
averaged 1*396 units /ml; diatoms averaged 1*0 1*0 cells/ml) and early 
summer (in June average numbers of total algae were 1*300 units /ml 
and of diatoms 36*00 cells /ml). Both peaks were characterized by 
different species and the June rise was more pronounced here than in 
the lake. Also as in the lake, lowest numbers were present in 
August (average phytoplankton 1071 units /ml, average diatoms 
1*98 cells /ml) when the nutrients and silica poor waters had chemical 
characteristics close to those at the lake stations (see Figures 
ika to l**g). The March peak was mainly attributed to the same diatoms 
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as those in the lake and the middle plume, and entirely different from 
those in the river, Stephanodiscus alpinus and £. trans ilvanicus 
occurred in numbers about tvice as hi#i as in the lake. Ihe surface 
March counts — 21l6 cells /ml for £. alpinus and 903 cells /ml for £. 
trans 11 van! cus , were also the highest for both species observed in the 
present study. In general the spring flora (March, April, May) 
contained, in majority, the principal lake species ( Melosira island! ca , 
!!• italica subsp. sjubarctica, Qy clotella stelligera , £. o cell at a , 
Stephanodis cus binderanus , Frazil aria crotonensis » Tab ell aria 
fenestrata, Diatoma tenue v. elongatum, Synedra uln a v. chaseana ) 
although the riverine dominants, especially Stephanodiscus hantzschii 
axi ^ §.• ^inutus were also very numerous. 

The major plankters during the summer and early fall were the 
riverine algae ( Melosira granulata , M. granulata v. angustissima , 
Cyclotella meneghiniana v. plana ), however, as in the middle of the 
plume, the flora also contained large populations of the lake species 
( Tabellarla fenestrata , Fragil aria crotonensis « F . capucina ) . As 
in the middle plume F. crotonensis dominated in November. Similarly, 
as at stations MP, the riverine species were generally found in highest 
numbers in surface waters, while the lake dominants were more abundant 
at greater depths. Ihis was rather to be expected since in summer and 
early fall the warmer river water flowed on top of the colder lake 
water. 

As in the middle plume the lake species were often more numerous 
than at the lake stations, although usually they were present in a 
lower relative abundance than in lake water. She riverine dominants 
which often declined drastically in numbers compared with the river, 
also decreased generally in relative abundance, however it was 
much less evident in the case of Melosira granulata . 

In both the middle and the edge of the plume green algae were 
most abundant in the summer and early fall. Peak numbers were noted 
in August, especially in the middle plume where the average count 
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was 2907 units /ml. Flagellates were abundant throu^iout most of the 
year with highest quantities in May and November. Blue-greens , 
Chrysophyta and I^rrophyta were much less common; highest numbers 
were usually found in the summer months (Table 3). 

£.• Correlations with Physical- Chemical Factors 

Seasonal variations both in abundance and the species composition 
of phytoplankton in the plume area (stations KP and EP) reflected the 
periodicity observed in the river and in the lake. !Ihe influence of 
the river was most pronounced during the warmer months and especially 
evident in the middle plume, and the influence of the lake waters 
was more accented in the spring than in the summer and fall, and 
especially evident in the edge of the plume. In the middle plume as 
in the river highest numbers of total flora were found during the 
warm months in the summer and early fall. Nutrients and silica in 
the river seemed not to be limiting the growth, and the periodicity of 
phytoplankton resulted probably chiefly from the changes of temper- 
ature and light. In the middle plume depletion of phosphate and low 
concentrations of silica were noted on a few occasions (see Figures 
13b, d,f). However, in spite of this the cell numbers were always high 
(total algae ranged 1M0-1M3O units /ml) and the large quantities 
of phytoplankton and their seasonal changes could mainly be attributed 
to the influence of the river flow bringing both phytoplankton and 
continuous supplies of nutrients. In the edge of the plume as in the 
lake seasonal changes of the flora appeared to be more related to the 
availability of nutrients and silica (see Figures lta to ikg). Peak 
numbers at stations EP in March and June were found in nutrient rich 
waters, and smallest quantities occurred in August in waters containing 
lowest concentrations of nutrients. Both in the middle of the plume 
and edge of the plume increasing numbers of total phytoplankton were 
correlated with decreasing concentrations of phosphate and nitrate, 
suggesting that it is an area of a high competition for nutrients 
(see Section VI). 
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Generally, during all months the species compositions in the 
middle plume, the edge of the plume and in the inns ore lake were 
similar. She same diatoms, although present in each area in different 
proportions, were characteristic of the flora during the spring, 
summer and fall. In the summer and early fall the species composition 
in the plume area and lake reflected, to a high degree, the influence 
of the river phytoplankton . Principal algae from the river comprised 
a high or a very high portion of the flora at stations MP, EP and 
Lake. In the spring, especially in March, the major constituents of 
the phytoplankton in the plume area (MP, EP) and lake were generally 
different from those in the river; many species abundant at MP, EP 
and Lake were absent from the river, those present in the river 
occurred also in the plume and lake but most of the time in relatively 
small numbers. 

D. Comparison with Other Studies in Lake Michigan 

Bie chemical and biological results of the present study in the 
inshore lake waters and in the plume of the Grand River are comparable 
in many respects with earlier or concurrent studies in the same area 
or in other eutrophied protions of Lake Michigan. 3he chemical data 
obtained during the present work show rather pronounced seasonal 
changes in the concentrations of silica, nitrate nitrogen and 
orthophosphate (Tables 6e,g,h). Highest values were generally found 
in the early spring and late fall, considerable decline in late 
spring — early summer and lowest concentrations were observed in the 
summer and early fall. The depletion of nutrients as observed in 
surface waters in the lake during summer resulted most probably from 
utilization by phytoplankton in an earlier period of abundant growth. 
Such seasonal depletion of nutrients and particularly depletion of 
silica is commonly related to increasing eutrophication. As Lund (1965) 
has stated, "one of the first signs of increasing fertility is the 
appearance of a seasonal, usually vernal, decrease in silica content." 
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Summer decreases in concentration of surface silica in the eutrophied 
southern part of Lake Michigan were first documented by Ayers et al. 
(Fig. 1»6, 1958) and in southern and northern portions of the Lake "by 
Risley and Fuller (1965). A general decrease of silica content in Lake 
Michigan during the past 1*0 years has been demonstrated by Powers and 
Ayers (1967) on the basis of data compiled by vater filtration plants 
at Chicago, Milwaukee and Grand Rapids. The decline of surface silica 
has been attributed to enhanced utilization Isy diatoms; considerable 
increase of standing crop of phytoplankton near Chicago over the period 
of 1926 to 1958 was documented by Damann (i960}. 

As mentioned earlier in the discussion the low values of 
silica and nitrate nitrogen which were observed in the present stu^jr 
during the summer at the Lake stations and in some cases at stations 
MP and EP are comparable to those found in the same period in lake 
vater near Grand Haven by Schelske, Stoermer and Feldt (1971) and by 
Schelske and Stoermer (1972). At the same time in the summer of 1969 
Schelske and Callender (1970 ) examined samples from various parts of 
southern and northern Lake Michigan including the Green Bay and found 
that the surface waters contained similarly low concentrations of silica 
(0.I5 - 0.07 ppm in southern Lake Michigan), nitrate nitrogen (109 * 
15 ppb at all stations) and orthophosphate (concentrations were lower 
than 0.5 ppb in most samples, often phosphate was not detectable). On 
the basis of their own work (nutrient enrichment experiments with 
phytoplankton) and considering the available chemical data from Lake 
Michigan, Schelske and Stoermer have concluded (1972) that the decline 
of silica content in surface waters during the summer stagnation period 
can be attributed to the present inputs of phosphorus into the 
lake; phosphorus stimulates the growth of diatoms and their enhanced 
uptake of silica « Phosphorus pollution is also causing depletion of 
nitrate nitrogen (Schelske, in press, a,b). 

The summer depletion of essential nutrients and most importantly 
of silica has significant effects on the quantitative and qualitative 
aspects of phytoplankton compositon. As observed by Schelske and 
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Stoenner (l97l)» diatoms, which require silica, vere always -the major 
algae of phytoplankton in Lake Michigan, dey were still the predominant 
constituents of the flora in samples collected from southern Lake 
Michigan in 1962 and 196*3 ty" Scoermerand Kbpczynska. However, in 
August and September of 1969 Schelske et al. (1971) found that green 
and blue-green algae were present in numbers higher than diatoms at 
two stations located near Grand Haven. A concurrent study by Dr. J. C. 
Ayers showed that green and blue-green algae dominated in 22 samples 
collected over the entire lake (Schelske and Stoermer, 1971). I 
also observed that in August greens and blue-greens were dominant at 
both Lake stations and diatoms were practically absent from the upper 
parts of the water columns. Diatoms comprised also less than 50 
percent at all sampling depths at station EP and in surface waters at 
station MP. At the surface at Lake station in July, Chrysophyta, 
greens and algae other than diatoms comprised about 1*5 percent of the 
phytoplankton. On the basis of these results obtained in Lake Michigan 
in the summer-ear 3y fall of 1969 Schelske and Stoermer (1971 ) predict 
that with a continuous depletion of silica perennial diatoms may be 
replaced in the future by other forms of algae as greens and blue-greens, 
since diatoms, dependent on the supply of silica, will not be able to 
compete with them for other essential nutrients. In fact, most recent 
data from southern Lake Michigan (Stoermer, 1971/ unpublished) 
showed that blue-greens in high numbers dominated the flora during late 
summer and early fall months, particularly in the open waters of the 
lake. 

As observed in the present study the diatom flora in the river 
plume and in inshore lake contained very interesting assemblages of 
species some of which are considered as typical of eutrophic or highly 
eutrophic environments, while others are characteristic of oligotrophic 
or highly oligotrophic waters. Diatom assemblages of such wide 
qualitative differences are common in more eutrophiecl inshore areas of 
Lake Michigan (see Stoermer, 1968; Stoermer and Yang, 1969, 1970). 
Stoermer and Yang (1970 ) have grouped dominant diatoms of Lake Michigan 
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Into several types or categories according to their most common 
occurrence in waters of different degrees of trophic levels. Thus, 
for example, Qyclotella occllata, C. operculata and C. laitzingiana 
are typical of "highly oligotrophic environments." These species are 
usually absent from the nearshore areas and are confined mostly to the 
northern part of the lake. Melosira italica subsp. s ubarctica, 
Synedra ulna v. chaseana, S. delicatissima v. angustissima, S^. osten- 
feldii and S. filifomis are "oligotrophic offshore dominants." 
Included in this group are also Rhizosolenia eriensis , C. michiganiana 
and S* trans i lvani cus which may prefer some higher degree of nutrient 
enrichment. Tabellaria fenestrata, T. flocculosa, Melosira islandica, 
Asterionella fomosa and Fragilaria crotonensis are "eurytopic 
dominants"; they are most common in the lake and "apparently flourish 
under a vide range of environmental conditions." To the "eu trophic 
small lake forms" belong: Fragilaria capucina, F. capucina v. mesolepta, 
Melosira granulata and M. granulata v. angustissima species which are 
most common in harbors and in Green Bay. Characteristic of "disturbed 
habitats in large lakes" are: Stephanodiscus binder anu s , S_. alpinus, 
§L # tenuis, S. hantzschii, £. subtilis, Cyclotella meneghiniana v. plana, 
C# pseudostelligera, Diatoma tenue v. elongatum, D. t enue v. pachy - 
cephala and Cos ci nodi s cus subsalsa . These diatoms have been only 
recently introduced into Lake Michigan and are reported, often in 
high numbers, from polluted areas. Many of them have been observed to 
prefer brackish water habitats. 

With the diatom species grouped in this manner- -the summer and 
fall phytoplankton assemblages in the lake (Lake stations) and river 
plume may be characterized as dominated by eutrophic and eurytopic 
forms* The eutrophic species were predominant in the river plume while 
in the lake the eurytopic diatoms were generally somewhat more numerous. 
Cyclotella meneghiniana v. plana, species typical of "disturbed habi- 
tats" was conspicuous in all summer and fall samples. In the spring the 
flora contained hi^i numbers of representatives of all five categories. 
In March most of the species were of the oligotrophic and eurytopic types, 
however, S tephanod i s cus alpinus characteristic of disturbed habitats 
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vas the most numerous alga, especially at the edge of the plume. She 
numbers of eutrophic species and those of polluted disturbed habitats 
increased in April and May; they were very abundant in surface waters 
of the middle plume in May. Oligotrophic and eury topic species were 
also very common during these two months, especially at the lake stations. 
In contrast to the river plume and lake, the flora of the Grand River 
was at all seasons dominated by eutrophic or polluted-habitat species 
which are typical of highly eutrophic environments. 

Ihe spring flora in the inshore lake and the river plume 
contained all the species observed in the Grand Haven area by Stoermer 
at the end of April in 1967 (Stoermer, 1968). Stoermer studied 
phytoplankton at a time of the so-called thermal bar conditions (lloble 
and Anderson, 1968) when nutrients are expected to he "trapped" by 
quickly wanning inshore waters which at first do not mix easily with 
much colder waters of the open lake. As observed in the present studty- 
nutrients were abundant in the spring both in the river plume and in 
the lake; however, since only a few temperature measurements were taken, 
it is difficult to Judge whether the thermal bar was developed at the 
time of sampling. In March and April the water was much colder (Tables 
5d,5c) than at the time of Stoermer 1 s studies, when it was approximately 
8°C in the plume and boundary waters, however, the surface temperature 
readings in May (about 10°C) were not much higher. Interestingly, the 
May phytoplankton assemblages resembled most closely those found by 
Stoermer. His samples were collected from the river channel, the 
river plume, inshore waters and offshore waters. It appears that the 
offshore stations where Stoermer sampled were located not much farther 
from the shore than my Lake stations in May or in April, and his inshore 
stations could well correspond to some of my EP or MP stations. 
(According to calculations no river water was present at station EP 
in April and only an average of 5 percent of the river water was found 
at station MP. Ihe EP station in May contained an average of 2 percent 
of the river water. ) Ihe location of the river stations in both studies 
was ^rexy different — Stoermer* s station was between the piers at the river 
outlet, mine was located about 2 km upstream. 
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In his study Stoermer observed several different types of 
species distribution. Such patterns similar for qualitatively 
comparable diatoms were in most cases expected because of the known 
distribution of these species in Lake Michigan. Thus, diatoms which 
are dominant in the open waters of the lake as Tabellaria fenestrata, 
Melosira islandica and Synedra ulna v. chaseana were found in highest 
relative abundance at the offshore stations and decreased in abundance 
behind the thermal bar toward the shore. Stephanodiscus hantzschii 
typical of eutrophic areas was also included in this pattern. Species 
as Stephanodiscus binderanus and S. tenuis which only recently appeared 
in the plankton of Lake Michigan were major dominants at the inshore 
stations, decreased in relative abundance toward the open lake and vere 
rare in the river channel. Diatoms which are generally most common in 
eutrophied areas of Lake Michigan as Diatoma tenue v. elongatum , 
Fragilaria capucina were quite abundant in the river channel, less 
abundant in the inshore waters and reached highest relative abundance 
in the interface between the inshore waters and the main water mass of 
the lake. Asterionella formosa showed a similar pattern of distri- 
bution as the two above species. Still a different pattern was noted 
for Melosira granulata which is typical of polluted areas and rare in 
the open lake; it was most abundant in the river channel, decreased to 
low relative abundance in the inshore waters and still lower in the 
offshore waters. 

Quite similar general patterns or trends in distribution of many 
of these species, with the exception perhaps of S. hantzschii, S. tenuis 
an ^ 2.' ^ enue v * elongatum, were observed in the present study in the 
spring and during the remaining months. It should be pointed out however 
that the types of distribution of individual species were changing from 
one period of sampling to another, depending probably to a large extent 
on the degree of mixing of different water masses; only a close 
examination of the data (Table 2) revealed certain general trends or 
tendencies in the relative abundance of various species. Thus considering 
all of the periods of sampling I found the following types of distri- 
bution for some of the major diatoms: 
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Stephanodiscus trans ilvanicus and Melosira islandica occurred in 
highest relative abundance at the Lake stations, in somewhat lower 
abundance at the edge of the plume and lowest at the middle of the 
plume. The first species was entirely absent from the river, the 
second was found there only on two occasions (May and July). 

Fragilaria crotonensis, F. capucina, Tabellaria fenestrata and 
Asterionella formosa were usually found in highest relative abundance 
in the lake, but also at times they were somewhat more abundant in the 
plume area. Generally they were least common in the river, although 
A. formosa was noted on one or two occasions in highest abundance at 
the river station. 

Species abundant either in the lake or in the plume area were: 
Melosira italica v. subarctica, Diatoma tenue v. elongatum and Synedra . 
ulna v. chaseana . The first species was absent from the river, the 
two latter ones occurred there only on rare occasions in low quantities. 

Present in highest relative abundance in the plume area, 
especially at stations EP was Stephanodiscus binderanus , x it was less 
abundant in the lake and absent from the river. Stepha.nodiscus alpinus 
occurred in an equally high abundance at stations MP, EP and Lake. 
It was much less common or absent from the river. 

The patterns of distribution of a few other species appeared to 
"run counter w to the patterns above. 

Cyclotella meneghiniana v. plana was always found in highest 
numbers in the river — its relative abundance declined rather sharply 
toward the Lake stations. 

Stephanodiscus sub ti lis, S. minutus and Melosira granulata v. 
angustissima occurred generally in highest relative abundance in the 
river, often however they were somewhat more abundant in the plume 
area. Lowest abundance was usually noted in the lake. 



1. This species was absent from the flora in April, however it is 

easily confused with S. hantzschii and S. tenuis (see also Stoermer, 
I968). In March all three species were absent from the Lake stations, 
but present in low numbers in the river plume. 
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Stephanodisens hantzschii, S . tenuis and Melosira granulata were 
found in highest relative abundance either in the river or the river 
plume (especially the last species comprised often a higher percentage 
of the flora in the plume) and in lowest abundance, usually, but not 
always, in the lake. 

It appears from these results that practically all of these 
species are favored by or tolerant of the environmental conditions 
present in waters at stations MP and EP. All of these species, including 
the offshore dominants in Lake Michigan were present at least on a few 
occasions in high numbers and in a high relative abundance in the plume 
area that is in waters enriched by nutrients brought from the river. 
Stoermer and Yang (19^9) have observed that some modem offshore 
dominants as Tab e liar i a fenestrata, Melosira islandica, , Stephanodiscus . 
trans ilvanicus appear to be "tolerant of changing conditions (of water 
quality) but are rapidly reduced in abundance with extensive chemically 
measurable change." Others such as Asterionella formos a, Fragilaria 
crotonensis, Stephanodiscus alpinus or Synedra ulna v. danica, "appear 
to be favored by slight increases in trophic level and flourish in 
moderately disturbed portions of the lake." 

In the April study near Grand Haven Stoermer found that the 
average populations in inshore waters (1500 to 2000 cells/ml) were 
about six times higher than those in the river channel or those in 
offshore waters outside the thermal bar. In the present study I observed 
only in March and in August that the average total phytoplankton counts 
from the plume area (EP in March, MP in August) were higher than those in 
the river or in the lake. In April and during all other months highest 
-average numbers were noted in the river, although at times, as in May, 
maximum populations in surface waters were found in the plume. 

In general, the highest average counts at the Lake stations, in 
March (2960 units/ml) and in April (3330 units/ml) were comparable to 
the peak count reported in April from the Grand Haven area by Stoermer; 
they were higher than the average counts found by him, which in turn 
were of the same order as those reported in the early spring from 
inshore waters of southern Lake Michigan by Stoermer and Kopczynska 

(1967). 
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The highest populations found at the EP stations in March, 
April, June and July (range 1562 to 618O units/ml) were comparable to 
those reported from the Grand Traverse Bay in May and June, of 1970 
(Stoermer et al., 1972). In particular, the peak numbers (618O units/ml 
in March, 1*900 units/ml in June, 5687 units/ml in July) were of the 
order of those found in the west arm of the bay near the mouth of the 
Boardman River. 

At stations MP highest counts were found in August (ave. 87OO 
units/ml) and in September (ave. 8235 units/ml); these numbers seem to 
be similar to the average counts recently found in the inshore waters 
of southern Lake Michigan in May (Stoermer, 1971, unpublished). The 
two maximum counts (1U38 units/ml in August and 10010 units/ml in 
September) are similar to those reported in the summer of 1969 from the 
inshore waters of Lake Michigan in the vicinity of the River Manistee 
(Michigan Water Resources Commission, 1970). Apparently some of the 
highest algal populations in inshore waters of Lake Michigan are 
found in the plumes of inflowing rivers; a peak of 30000 cells/ml was 
reported in June 1971 from the plume of Burns Ditch at the southern 
shores of the Lake (Stoermer, 1971, unpublished data). 



VI. STATISTICAL ANALYSES 



Description of the Multiple Regression Method Used in the Analysis 
of Phytoplankton Species or Groups 

The dominant phytoplankton groups, species and corresponding 
physical and chemical measurements were analyzed statistically by a 
multiple regression method. The analysis was done on the IBM 3°0 
computer with the use of the BMD2R program "Stepwise Regression. " 

!Hie main objective of the analysis was to learn if a given 
phytoplankton species or group (y, a dependent variable) depends on 
the various physical and chemical parameters (x ,x ,x ,. . ,, the 
independent variables), and if so, to get a measure of the relation- 
ship. The assumption was made that a linear model was appropriate 
for the range of the physical and chemical measures in the samples. 
The "Stepwise Regression" program gives a sequence of multiple 
regression equations, at each step adding a new independent variable 
to those included in the general equation. The variable added has the 
highest partial correlation with the dependent variable partialed on the 
variables already included in the equation. This way of computing 
facilitates the choice of the "best" equation, the basis for it being 
the highest increase in R 2 (square of multiple correlation coefficient ) 
as veil as the simultaneous statistical significance of the partial 
regression coefficients of the independent variables. 

Tables 9& through $te give multiple regression equations for each 
of the four station groups. They illustrate the relationship of the 
dependent variable y, (a given phytoplankton species or group) with the 
independent variables x, (physical and chemical measurements). The 
numbers corresponding with the independent variables are the partial 
regression coefficients, p, expressed in terms of units of y per unit 
of x, in this case as phytoplankton cells in 1 ml of water per unit of 
the chemical or physical parameter. Positive value of the regression 
coefficient indicates an increase of cells corresponding with an 
increase of the measured independent parameter, a minus sign shows 
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a negative correlation, an increase of y associated with a decrease 
of x, or vice versa, a decrease of y corresponding with an increase 
of x. 

the constant, a, shows the interception point of the regression 
line with the y axis, 

R, the multiple correlation coefficient, shows the joint 
relationship of the dependent variable with the independent variables 
in the multiple regression equation. 

R 2 , the coefficient of determination, indicates the percent of 
variance of the dependent variable which can be accounted for by the 
independent variables included in the equation. The higher its value, 
(going from zero toward one), the smaller is the variance of the 
deviations of y from the fitted regression line. 

Hie F ratio tests the hypothesis that the regression coefficients 
simultaneously equal zero (p = 0). 

The significance of each partial regression coefficient at 
0.05 and 0.01 levels has also been determined. 

If the multiple regression equation is expressed as: 

y - a + p x + p x + p x + . . . , 

* 112 2 3 3 ' 

vhere y is the estimated dependent variable (Phytoplankton species or 
group, number of cells) 
a is a constant 

p. is a partial regression coefficient of x. 
x »x ,x are independent variables, 

12 3 

the general regression equation for Cyclotella meneghiniana v. plana 
at the river station (PP) (Table 9a) can be written as: 

y « -V792.6 + 1552.3 (Month) - 2k7.k (Chloride) + 710.2 (Oxygen) 



+ kO.3 (Ortho-Po^) - 522.1* (silica) 
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If ve substitute in this equation the values of the independent 
variables for any month and any depth, for example the surface values 
for September , ve obtain 

£ = -4792.6 + 1552.3 (9) 1 - 247.4 (32.5) + 710.2 (7.0) 

+ 40.3 (75.0) - 522.4 (O.69) = 8771.0 

which is the predicted value (cells/ml) of Qyclotell a meneghiniana v. 
plana at the surface in the river in September. 

Hie coefficient of determination R 2 - 0.80 corresponding with 
this equation tells us that 80 percent of the variance for this species 
can be explained by the independent variables used in the equation. 

The Use Made of the Statistical Analyses 

Realizing that there are errors inherent in sampling, in 
chemical analyses and in phytoplankton counting, I have used the 
results of the Stepwise Regression analysis only as a tool or aid in 
sorting out the more important correlations between phytoplankton 
abundances and associated levels of chemical or physical factors. 
Tables 9a through 9e contain the partial correlation coefficients 
applicable in multiple regression equations relating phytoplankters to 
chemical and physical factors. From these tables there have been 
selected for certain diatoms and algal groups the partial correlation 
coefficients significant at the 1 and 5 percent levels; to these have 
been added the partial coefficients for certain chemical and physical 
factors commonly expected to be biologically active in phytoplankton 
growth, and hence of biological interest (although they may not be 
statistically significant). The significant coefficients and the 
biologically interesting partial coefficients that have more-than- 
small value are summarized in the table on page 160. In using Tables 9a 
through 9e and the summary table, no attention has been given to the 
numerical size of the partial coefficients, for the purpose has been 
not to predict the size of phytoplankton populations. Attention instead, 
"5u The numbers for months correspond with their calendar numerical order. 
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has been to the sign of the partial coefficients and to the degree 
of their statistical significance, for the purpose has; been to determine 
the direct (plus sign) or indirect (minus sign) effect; of each 
factor on local phytoplankton growth. Degree of, or absence of, 
statistical significance has been used in assessing the relative 
importance of the chemical or physical factor in phytoplankton growth. 
The statistical analyses used in this manner have served as: confirmation 
of points evident in graphic or tabular treatment of the data or as 
guides to missed evidence in the graphs or tables of data. The 
chemical, physical and phytoplankton data are presented in Tables 1 
through 8, and in Figures 2 through l4. 

Interpretations 

Interpretations of the multiple regression analysis are given 
for: 

Qyclotella meneghiniana v. plana 

Melosira granulata v. angustissima 

Melosira granulata 

Bacillariophyta (total counts of all diatoms) 

Total Algae (total counts of all algae) 

Qyclotella meneghiniana v. plana, Melosira granulata v. angustissima 
and Melosira granulata were the three centric diatoms found most 
frequently and abundantly at the river station (PP) and the middle 
plume stations (MP) during the entire period of this study. Their 
numbers decreased sharply toward the lake, showing smaller counts at 
the edge of the plume stations (EP), and still smaller at the lake 
stations (IAKE), although there they often comprised a high percentage 
of the total Bacillariophyta, which in turn usually made up the majority 
of all phytoplankton. 

The results of the multiple regression analysis for these three 
species as well as for tne total phytoplankton and total Bacillariophyta 
are similar in that they often show best partial correlations with the 
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same independent variables associated with partial regression 
coefficients of the same sign. Thus the PP equations include most 
of the time negative correlations with chloride, silica and nitrate 
nitrogen, and positive correlations with orthophosphate. The Lake 
results show positive correlations with chloride and alkalinity and 
negative correlations with nitrate nitrogen and temperature. The 
results for both MP and EP differ from the PP and Lake stations and 
are somewhat alike in often having negative correlations with ortho- 
phosphate or nitrate nitrogen and positive ones with silica, oxygen, 
turbidity or light. The general similarities suggest that all the 
phytoplankton in each station group respond in a similar way to the 
environmental conditions within the station group. 

A. The River Station (PP) 

Cyclotella meneghiniana v. plana was by far the most abundant 
species found in the river with an average count of 3322 cells/ml, and 
a range of 28l to 8935 cells/ml. The highest numbers occurred in the 
summer and fall, with two peaks in July (ave. 6976 cells/ml) and 
October (ave. 8277 cells/nl). Melosira granulata v. angustissina was 
the second most numerous diatom with an average of 1206 cells/ml, a 
range of 9 to 3^5 cells/ml and two peaks of similar sizes in June 
(ave. 2818 cells/ml) and October (ave. 2777 cells/ml). Melosira 
granulata rated as the third dominant species with a peak in August 
(ave. U63 cells /ml), an average of 665 cells/ml and a range of 8 to 2259 
cells/ml. The average quantities of total phytoplankton and of total 
diatoms were 9073 units/ml and 7607 cells/ml, respectively. The numbers 
of total algae ranged between 1535 and 189*K) units/ml, those of diatoms 
between 91° and l6^h0 cells/ml. Peaks of average numbers were observed 
in July (all algae lkk68 units/ml, diatoms 12719 cells/ml) and in 
October (all algae 15958 units/ml, diatoms 1^230 cells /ml). 
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i* Correlations with Chloride 

Hie average chloride concentration in the water was 35.5 ppra and 
the range 22.5 to 50.0 ppm. In general the highest counts of the three 
species, the counts of total diatoms and of total phytoplankton, corres- 
ponded with decreased chloride (- chloride**) 1 within the given range. 
This may suggest an uptake 2 of chloride from the water. It would also 
indicate that Qyclotella meneghiniana v. plana, Melosir a granulata v. 
angustissima and Melosira granulata which occurred in highest numbers 
in the river may have a preference for chloride contaminated water. 
£• meneghiniana is considered as a halophil species (Kolbe, 1927; 
Schroeder, 1939; Hustedt, 1938; Huber-Pestalozzi, 19^2;; Cholnoky, 19^8). 
Rice (1938), who studied phytoplankton in the River Thames, observed 
highest development of this diatom at a locality receiving considerable 
amounts of salt water. According to Kolbe (l927)j M. granulata and 
H # gr&nulata v. angustissima are indifferent to a little salt. 

2 ♦ Correlations with Orthophosphate 

The levels of orthophosphate were high throughout the period of 
studies, the mean concentration was 68.9 ppb, the minimum individual 
value 38.6 ppb and the maximum 107 ppb. In general, there were increases 
of diatom counts with increasing orthophosphate concentrations, especially 
in the case of the total Bacillariophyta, Melosira granulata v. 
angustissima and Melosira granulata . The positive !! -K)rtho-P0j**" 
relationship was evident at different depths of individual stations, e.g., 
July, August, September, October. It would seem that addition of 
orthophosphate to the water stimulates diatom growth 3 when all the other 
environmental conditions are suitable. 



1. ** Indicates significance at 1 percent level. 

2 Chlorine is an essential micronutrient for algae and is known to 
act as an enzyme activator in the oxygen evolution reaction in 
algal photosynthesis (see EJyster, 19&4). 

3« Algae are also known to be capable of a "luxury" uptake of phosphate. 
They store excess P in their cells and utilize it later on in 
periods when this element becomes depleted from the water (Rodhe, 
19l*8; Mackereth, 1953; Hutchinson and Bowen, 19^7; McCarter et al., 
1952, Kuenzler and Ketchum, 1962). 
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ir Correlations with Silica 

Silica concentration ranged between 0.62 and 8.25 ppm and the 
average was k.bj ppm. The high counts of Qyclotell a meneghiniana v. 
plana, Bacillariophyta and Melosira granulata v. a ngustissima were 
generally associated with decreasing silica values:; e.g., July, 
August, September, and vice versa, lower counts corresponded with high 
silica concentrations in March and November. A "-silica**" 1 illustrates 
the negative correlation and suggests two things: an enhanced summer 
uptake of silica by diatoms stimulated evidently by the abundantly 
available orthophosphate; and the regeneration of silica into the water 
by diatom decomposition during the November -March period of smaller 
diatom growth. 

h. Correlations with Nitrate 

The nitrate nitrogen values found at station PP had a range of 
20 to 1200 ppb and an average of 450 ppb. In general higher counts 
were associated with lower concentrations of nitrate nitrogen throughout 
the year as well as at different depths of individual stations (July, 
August, September, October). It was especially evident in case of 
Melosira granulata v. angustissima as well as Melosira granulata and 
the counts of total phytoplankton e A ,f -(N0,-N)*" 2 correlation illustrates 
an uptake of nitrate nitrogen by the phytoplankton. It should be noted 
here that when in August nitrate nitrogen became very scarce (20 ppb 
at 6 meters and bottom) about 80 percent of the cells of Qyclotella 
meneghiniana v. plana were found to be empty frustules. At the same 
time the green algae reached numbers over 2000 cells/ml. It may be 
that the greens and other species of phytoplankton utilized the low 
available nitrate nitrogen, winning the competition for it from the 
diatom. However, the growth of Qyclotella meneghiniana y. plana could 
have been also inhibited by insufficient light (although probably 



1, ** Indicates significance at 1 percent level. Used also on later pages. 
2 * Indicates significance at 5 percent level. Used also on later pages. 
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sufficient for the greens) limited by very high turbidity, 37.1 ppm, 
contributed by extremely high amounts of detritus. 

£• Temperature 

The temperature range for abundant growth of Cyclotella 
meneghiniana v. plana (with counts above 1000 cells/ml) was 10° to 
27°C. Melosira granulata v. angustissima and Melosira granulata had 
the same temperature range for counts above 75 cells/ml and above 
100 cells/ml, respectively. 

Conclusions for the River Station 

1. The very high numbers of the phytoplankton at the river 
station may be attributed to: 

a. Plentiful orthophosphate in the water— even the minimum 
individual value found, 38.6 ppb, was in excess of the 
amounts which are likely to cause high blooms and 
nuisance algae conditions (about 30 ppb — Sawyer, 19^7). 
Schelske and Stoermer (197 2 ) observed during nutrient 
enrichment experiments with phytoplankton assemblages in 
Lake Michigan, that diatom growth increased with addition 
of 20 ppb PO^-P. Addition of 7-5 ug P/l stimulated the 
growth of algae during experiments in Lake Superior 
(Schelske et al., 1972). 

b. Rather high average concentrations of silica and nitrate 
nitrogen and their enhanced uptake from the water by the 
well phosphate-nourished phytoplankton. 

2. The phytoplankton species at the river station and first of 
**-*- Cyclotella meneghiniana v. plana, Melosira granulata v. angustissima 
an< ^ Melosira granulata seem to require chloride at relatively high 
concentrations (the average chloride value was 35 • 5 ppm). It would 
also indicate their preference for waters with an appreciable chloride 
cont aminat ion . 

B. The Middle Plume Stations (MP ) 

The numbers of Cyclotella meneghiniana v. plana ranged between 
10 and 3^39 cells /ml, the average count for the year was 8^3 cells /ml 
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and the maximum, an average of 2863 cells/ml, was found in September. 
The average count for Melosira gr anulata v. angustissim a was 626 cells /ml, 
the range to 3378 cells/ml, and the average peak numbers in September 
were 2664 cells/ml. Melosira granulata had an average of f H9 cells/ml, 
a range of 5 to 2922 cells/ml, and its maximum of 1727 cells/ml (average 
count) occurred in August. In general the highest numbers of all three 
species vere found during the summer and fall months. The counts 
of total algae ranged between 1^39 and lkh33 units/ml, those of total 
diatoms between 895 and IOO93 cells/ml. The average quantities of total 
phytoplankton were hf6l units /ml and of diatoms 3710 cells/ml. Peak 
numbers occurred in August (ave. total algae were 8700 units/ml and ave. 
diatoms 5106 cells/ml) and September (ave. total algae 8235 units/ml; 
ave. diatoms 7362 cells/ml). 

1. Correlations with Silica 

The average silica concentration in the water was 1.5^ ppm, 
the minimum 0.39 Ppm and the maximum 6.h0 ppm. A "-Jsilica*-*" 
correlation illustrates that increasing numbers of total Bacillariophyta, 
Melosira granulata v. angustissima, Melosira granulata as well as 
of the total phytoplankton were generally associated with higher silica 
values • 

It is characteristic that the positive correlations with silica 
vere especially evident at those depths of the middle plume stations 
where there was a relatively high percentage of the river 1 water 
found: e.g., April surface; May surface; June surface and intermediate 
depths; August bottom and November bottom. The river flowing once at 
the top of the lake water, once at the intermediate depths and once at 
the bottom was bringing appreciable concentrations of silica and large 
amounts of phytoplankton. It would seem that at the MP stations the flow 
of the river is an important factor determining the amounts of these 
phytoplankters best thriving in highly eutrophied river water. 



1. The percentages were calculated on the basis of values for chloride 
and sulfate. 
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2, . Correlations with Turbidity 

A f, + turbidity**" correlation associated with the three species, 
the total Bacillariophyta and the total phytoplankton illustrates 
positive correlations with turbidity. As the highest turbidity values 
were found at depths where there was a high percentage of the river 
water and high amounts of phytoplankton, which itself contributes to 
turbidity, it confirms again the role of the river flo* in determining 
the amounts of algae in the MP group of stations. 

3. Correlations with Orthophosphate 

The orthophosphate concentrations ranged between and 65. 1 ppb, 
and the mean was 13.6 ppb, over five times less than at PP (68.9 ppb). 
The multiple regression analysis for Cyclotella meneghlniana v. plana, 
Melosira granulata v. angustissima , Melosira granulata j , total 
Bacillariophyta and total phytoplankton show a "-(Ortho-PO.)**" 
correlation, indicating that increasing cell counts corresponded in 
general with decreasing phosphate values, and smaller counts were 
associated with higher phosphate values during various months and 
at individual stations. The negative correlation of the phytoplankton 
with orthophosphate at MP, in contrast to the PP situation where 
the result was M +(P0^) M , could be explained by a high, increased demand 
for this nutrient in the middle of the plume, where its average 
concentrations were over five times smaller than in the river, but the 
average counts for the five phytoplankton groups considered were only 
about half as large (four times smaller in the case of Cyclotella 
meneghiniana v. plana ). At several sampling depths in July and November 
orthophosphate was not detectable. 

It* Correlations with Ni tr ate - Ni tr ogen 

- Nitrate nitrogen had an average concentration of 170 ppb 
(2 m 6 times less in comparison with the river concentration) and 
the values ranged between 10 and k80 ppb. A "-(NO^-N)**" in the 
multiple regression analysis of the three species, the total Bacillario- 
phyta, and total phytoplankton shows that in most cases higher numbers 
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of cells corresponded with decreasing nitrate nitrogen concentrations. 
It would indicate an uptake of this nutrient evident during different 
months and at different depths of individual stations. Lowest values 
of nitrate nitrogen were noted at several sampling depths in July and 
August during a period of development of green algae. 

5.* Temperature 

The temperature range associated with high numbers (usually 
much above 100 cells/ml) of the three diatom species considered, in 
the summar and fall was: 9 to 24.2°C. 

Conclusions for the Middle Plume Stations 

I* The levels of phytoplankton in the middle of the plume, on 
the average twice smaller than in the river and four times smaller in 
the case of C. meneghiniana v. plana, can be explained by: 

a* A fivefold decrease from the river concentrations in 
the amounts of available phosphate. Depletion of 
orthophosphate was noted several times, indicating a 
high increased demand for it by the phytoplankton. 

b. About threefold decrease in the average concentration 

of silica. A drop in diatom numbers in July corresponded 
with average amoi;nts of silica (0.38 and 0.*f6 ppm) lower 
than concentrations associated with small diatom growth 
elsewhere (0.50 ppm; Lund, 1950). 

c. 2.6 fold decrease in the average concentrations of 
nitrate nitrogen. 

The considerable decrease of the average concentrations of orthophosphate, 
silica and nitrate nitrogen compared with the river values, and the 
negative correlations of total phytoplankton, total diatoms and the 
three species with orthophosphate and nitrate suggest that the middle 
of the plume is an area of high competition for nutrients. 

2. Since the higher counts of phytoplankton were generally found 
at depths where river water was detected, as well as relatively high 
values of silica and turbidity, it follows that the river flow was 
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an important factor determining the amounts of phytoplankton at the 
middle of the plume stations. 

C. The Edge of the Plume Stations (EP) 

Highest numbers of C. meneghiniana v. plana occurred in July 
(ave. 623 cells/ml) and October (ave. 7l6 cells /ml). The average count 
for the entire period of sampling was 236 cells /ml, and the range was 
9 to 158 k cells /ml. M. granulata had an average of 122 cells/ml, a 
range of 1 to 501 cells/ml, and a maximum (ave. 39^ cells/ml) was found 
in June. The average for M. granulata v. angustissima was 250 cells /ml, 
the range 2 to 1301 cells/ml, and the peak numbers (ave. 9**8 cells/ml) 
occurred in June. Smallest counts of all three species were found in 
March and April. The March counts for the total Bacillariophyta 
(ave. ^Oto cells/ml) and the total phytoplankton (ave. h39& units/ml) 
were high due to contributions by other spring species not discusser*. 
here. In general the average cell numbers of M. granulata v. 
angustissima, M. granulata, total diatoms and total phytoplankton were 
over four times smaller compared to the river counts and l4 times 
smaller in the case of C. meneghiniana v. plana . 

i* Correlations with Silica 

The individual silica values ranged between O.36 and 'J, 00 ppm 
and the average concentration was 1.28 ppm. There is a tf -*Silica*" 
in the regression analysis of M. granulata v. angustissima, total 
Bacillariophyta and total phytoplankton (comprising mostly diatoms), 
but the relationship except for Bacillariophyta is not significant 
statistically. In case of the total Bacillariophyta the higher 
counts often corresponded with higher silica values (March, April, May, 
June, November) and small counts with decreased values (August, 
September). The positive relationship can be explained partly by 
the influence of the river flow bringing in silica and phytoplankton 
(e.g., June, surface, 20 percent of river water), and partly by the 
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contribution to the total diatom bulk of other species flourishing 
in the spring, when the silica values were high, particularly at the 
surface* The parallelism in the silica values— total Bacillariophyta 
counts was obvious also in August when lowest diatom counts (ave. 
1*98 cells/ml) corresponded with lowest (0.1*9 ppm) silica concentrations. 

A "-Silica*-*" in the multiple regression analysis of C. 
meneghiniana v. plana indicates negative correlations between this 
species cell counts and the amounts of silica in the water. An 
examination of the cell counts versus silica values shows that in 
fact the high counts (e.g., July, September, October) were associated 
with decreased silica suggesting its uptake, and small counts (in 
March, April and November) corresponded with high or very high silica 
concentrations indicating a release of silica into the water. It is 
interesting to note that the maximum of £. meneghiniana v. plana in 
July (surface) occurred when the silica concentration dropped to a low 
value of 0.1*0 ppm, and there was a complete depletion of phosphate. 
Evidently this species was brought from the river (7 percent content of 
river water was detected) and most probably had a sufficient phosphate 
supply stored in the cells and could utilize silica at very low 
concentrations. (See also discussion on pages 137-138*) 

§• Correlations with Orthophosphate 

The phosphate values had an average of 4.2 ppm, and the range 
vas to 35*6 ppb. A "-P0J" correlation for M. granulata v. angustissima, 
Bacillariophyta and total phytoplankton shows a further increased demand 
(compared with MP), for orthophosphate by disproportionally large amounts 
of phytoplankton. The average orthophosphate concentration was 16.4 
times smaller in comparison with the average value in the river, while 
the respective amounts of phytoplankton were four times smaller (about 
ik times smaller in case of C. meneghiniana v. plana ). There was a 
complete depletion of orthophosphate noted in the summer months — June 
(with the exception of surface), July and August. The lack of 
orthophosphate in August, coupled with very low concentrations of silica 
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evidently inhibited the growth of phytoplankton. (The still rather 
high counts in June and July can perhaps be explained by the fact that 
the phytoplankton were brought there from the river and had enough 
phosphate stored in their cells), 

if Correlations with Light 

In most cases the highest counts of C. meneghiniana v. plana,, 
total Bacillariophyta and M. granulata v. angustissima were found 
in well illuminated surface water. This is illustrated by a "+light** ,f 
in the regression analysis. 

It should be noted here that all of the samples at the EP 
stations came from depths where there was some amount of light detected. 

it* Correlations with Oxygen 

A "+O2*" associated with the analysis of total Bacillariophyta, 
il* gr&nulata v. angustissima and the total phytoplankton illustrates 
evidently the enhanced photosynthetic activity of the phytoplankton 
as a result of which there is a release of oxygen into the water. The 
same situation was noted at the MP stations. 

5/ Correlations with Temperature 

The temperature range at the sampling depths was 2 to 23. 2° C. 
The highest individual counts for total Bacillariophyta and total 
phytoplankton in March (contributed by spring species) and June 
corresponded with either very low (2°c) or relatively low temperature, 
and the lowest counts in August corresponded with the maximum temperature. 
The negative correlation is noted in the regression analysis by a 
M -temperature* " . 

The range of temperature for £. meneghiniana v. plana counts 
of at least 50 cells/ml, was 4.5 to 23„2°C; the range for counts 
above 100 cells /ml was 9-5 to 23.2°C. M. granulata and M. granulata 
v. angustissima (counts at least 50 cells/ml) had a corresponding 
temperature range of 9.5 to 23.2° C. 



-170- 



6. Correlations with Turbidity 

At the EP stations the average turbidity was 4.3 ppm and the 
range of individual values 1.9 to 9.8 ppm. A "-^-turbidity*", for 
the total Bacillariophyta and M. granulata v. angustissima shows 
that in general the higher counts were associated with higher turbidity 
values, e.g., May, June, July, September, October. It indicates 
that the phytoplankton itself contributed to the turbidity, and since 
the positive correlations were especially evident at depths where there 
vas a relatively high percentage of the river water detected, it 
illustrates the fact that many of the phytoplanktcrs were brought from 
the river and that river flow is an important factor in determining 
the amounts of phytoplankton at the edge of the plume stations. 

X - Correlation of C. meneghiniana v. plana with Chloride 

The highest counts of C. meneghiniana v. plana corresponded with 
increasing chloride values (especially June surface, July surface, 
September and October). This is indicated by a "+chloride**" in the 
regression analysis. It is characteristic that at the same depths 
there was a relatively high percentage of the river water found, 
undoubtedly an indication that this species had been brought by the river. 

Chloride values ranged between 7*5 to 20 ppm, with a mean of 
12.0 ppm, and the values found at the depths of highest C. meneghiniana 
v. plana counts were 12.5 to 15 ppm. 

Conclusions for the Edge of the Plume Stations 

1. The average phytoplankton counts at the edge of the plume were 
over four times smaller than in the river (l4 times smaller in the case 
of C. meneghiniana v. plana) . These can be explained by a further 
decrease in the amounts of available nutrients and silica: 

a. A l6.4 fold decrease in the average concentration 
of orthophosphate. As at the MP stations here 
also an increased demand for orthophosphate by 
disproportionally large amounts of phytoplankton 
was noted. There was a complete depletion 
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of orthophosphate in summer; both scarce silica and 
depletion of phosphates evidently inhibited the 
phytoplankton growth in August. 

b. A 3*5 decrease in the average silica values. Low 
silica concentrations were noted in July (average 
0.53 ppm) and August (average 0.^9 ppm). 

c. A threefold decrease in nitrate -nitrogen. Traces 
of NO^-N were noted in July and August and coincided 
vith the development of the greens and blue -greens. 

2. As at the middle of the plume, also at the edge of the plume, 
the river flow was an important factor in determining the amounts of 
phytoplankton. It is evident from the positive correlations of 
phytoplankton with silica, chloride, sulfate, and turbidity at depths 
where river water was detected. 

D. The Lake Stations, Inshore Area (LAK3 5) 

Cyclotella meneghiniana v. plana had average counts of 104 cells/ml 
and a range of to 1395 cells/ml. Highest numbers were found in 
September at station Lake 5> ave. 121*0 cells/ml. In the spring and 
summer the numbers were small (generally below ho cells/ml); the only 
higher count of 8l cells/ml was found in July at one meter below the 
surface. It should be noted here that the average quantities of 
£. meneghiniana v. plana at the lake stations were 52 times smaller in 
comparison with those observed at the river station. 

The average yearly counts of M. granulata v. angustissima and 
Si* granulata were 123 cells/ml and 79 cells/ml, respectively. They were 
over nine times smaller than the average numbers of the two species 
found in the river. The numbers of the first species ranged between 
and l26l cells/ml, and of the latter between and 393- cells/ml. 
Highest quantities were found in the summer and fall particularly in 
deeper waters. The spring counts for both species were very small 
(0 to 30 cells/ml). 
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Total Bacillariophyta had an average count of 1268 cells/ml 
(six times less than at PP) brt the range was extremely high; 1 to 
3801 cells/ml. Highest numbers were found in the spring with a peak 
in April (ave. 2820 cells/ml) and also in September at station Lake 5 
(ave. 3319 cells/ml). This station however was located close to the shore 
(0,8 km) and in the direction of the flowing river plume, so that the 
waters most probably contained also river water. Lowest numbers were 
observed in surface waters in July, August and September (in September 
at station Lake l). The epilimnion at both stations; in August, as well 
as the metalimnion at the August station Lake 1, were almost completely 
devoid of diatoms. 

Total phytoplankton counts ranged between **2l and 4357 cells/ml, 
the average numbers were 1682 cells /ml (5.4 times less than in the river). 
Generally, the peaks and lows paralleled those of the diatoms* 

The multiple regression analysis of the three species, total 
diatoms and total phytoplankton shows rather good positive correlations 
with chloride and alkalinity, and negative correlations with nitrate 
nitrogen (especially for M. granulata and M. granulata v. angustissima ) 
and temperature (particularly for total diatoms and total phytoplankton). 

i* Correlations with Chloride 

The average chloride value was 10.8 ppm and the range 7-5 to 
15.0 ppm. A "-^chloride** 11 for £. meneghiniana v. plana, M. granulata, 
!!• granulata v. angustissima, total diatoms and total algae indicates 
positive correlations of chloride with the inshore lake phytoplankton. 
The higher counts of phytoplankton at different stations and individual 
depths coincided generally with increased chloride values within the 
given range. It can only indicate two things — either a preference for 
waters with higher chloride contents, or that many of the phytoplankton 
species found at these lake stations (and most of all the three discussed 
centric diatoms which constituted at the lake stations an appreciable 
percentage of the total phytoplankton) were brought there from the river. 
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2 # Correlations with Nitrate Nitrogen 

Hie average nitrate nitrogen concentration was 1^9 PPb and the 
range to ^90 ppb. Higher counts, especially of M. g ranulata and 
H # granulata v. angustissiraa were usually found at depths with lover 
nitrate nitrogen values; e.g., June, August, September and October. 
A "-(NO^-N**)" indicates an uptake of this nutrient from the water. 
Traces or zero concentrations of nitrate nitrogen were noted in sumer, 
especially in August, and coincided with the development of green and 
blue -green algae. 

sl # Correlations with Orthophosphate 

The average orthophosphate concentration was 3*3 ppb and the 
range to 18.5 ppb. A tt +F0|*" was the only positive correlation for 
Melosira granulata . A depletion of orthophosphate was noted in 2*5ay, 
June, July and August. It was coupled with very low concentrations 
of silica and nitrate nitrogen in July and August. The exhaustion 
of nutrients inhibited the phytoplankton growth to very low numbers, 
and the upper parts of the water columns in August were almost completely 
devoid of diatoms. 

—• Correlations with Temperature 

The temperature range at the sampling depths was 2.5 to 23.8°C* 
There were higher counts, particularly in case of the total Bacillario- 
phyta, the total phytoplankton and M. granulata associated with 
decreasing temperature within the above range; e.g., March and April 
peak of diatoms and total phytoplankton contributed by spring species. 
The smallest numbers of diatoms and of total phytoplankton in July, 
August and September (at station Lake l) corresponded with the highest 
temperatures. 

The following are the temperature ranges for the discussed 
three diatoms when their counts were at least 50 cells/ml: 

11.5 to 22.k°C £. meneghiniana v. plana, with the exception of 
April when the count at the surface was 
61 cells/ml at k°C. 
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11.2 to 19. 2° C M. granulata, except in August at the bottom, 

of station Lake 2, when the count vas 8h cells/ml 
at 7.5*C. 

11.2 to 19*7°C M. granulata v. angustissima. 

Conclusions for the Lake Stations 



1. The relatively low average phytoplankton levels in the inshore 
lake area were undoubtedly associated with the low concentrations of 
nutrients and silica. The depletion of phosphate and the scarcity of 
silica and nitrate nitrogen during the summer and early fall evidently 
inhibited the phytoplankton growth and particularly the diatom growth. 

The average orthophosphate concentration was 3.3 ppb, over 20 
times less than at the river station. Silica with an average of O.98 ppm 
decreased over four times, and nitrate nitrogen was three times less 
(ave. 1^-9 Ppb) in comparison with the river values. 

2. The three centric diatoms : C. meneghiniana v. plana, M. granulata 
v. angustissima and M. granulata, whose average counts decreased very 
sharply in comparison with the river station, were generally associated 
with waters of chloride concentrations higher than the average value 

for the lake stations (10.8 ppm) and much higher than the average chloride 
concentrations for Lake Michigan (5 to 7 Ppm; Powers and Ayers, 1967). 
This would clearly indicate their preference for chloride contaminated 
water, and suggest that they were brought to this area (at least the 
majority of the populations) from the river. Abundant growth of these 
species during summer was apparently prevented by inadequate amounts of 
nutrients and silica, and during spring, the low temperature must have 
inhibited their growth. 

E. Additional Statistical Analyses of Several Dominant Diatoms 
and Major Algal Groups Other than Diatoms 

A few diatom species which were abundant at certain times and 
algae other than diatoms were analyzed statistically in the same manner 
as the phytoplanktcrs discussed above. 
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i* Correlations with Physical and Chemical Measurements of Stephanodiscus 
trans i lvani cus , S. alpinus, Cyclotella ocellata, Melosira islandica and 
!!• italica subsp . subarctica 

These diatoms were the spring dominants in the lake and in the 
river plume. At the LAKE all five species showed most of the time positive 
partial correlations with silica, phosphate and oxygen. Stephanodiscus 
trans ilvani cus , S. alpinus and C. ocellata showed also good negative 
correlations with carbon dioxide and turbidity. These results illustrate 
the fact that highest numbers of these species were found in the spring 
in well oxygenated and nutrient rich waters. It appears also that carbon 
dioxide could have been in special demand for some phytoplankters . Ayers 
et al. (1967) have discussed the possibility that free dissolved carbon 
dioxide may be present in a short supply during the winter -spring 
blooming of diatoms in Lake Michigan; with the lessened amounts of 
dissolved carbon dioxide diatoms turn to calcium bicarbonate for CCU 
with resultant precipitation of calcium carbonate. "Milky water" — 
containing crystals of calcium carbonate --observed by Ayers, was also 
noted during the present study in March, August and October. 

At stations MP and EP the five species showed usually positive 
correlations with silica and negative correlations with phosphate; as in 
the case of the algae discussed previously (total phytoplankton, total 
diatoms, C. meneghiniana v. plana, M. granulata v. a ngustissima, M. 
granulata ) this result again suggests an enhanced competition for phosphate 
in the river plume. 

Stephanodiscus trans i lvani cus , S. alpinus and C. ocellata showed 
also negative correlations with temperature in the middle of the plume. 
The result for S, alpinus was not significant statistically. 

Among these species only S. alpinus, M. islandica and £. ocellata 
were found in the river. The results showed positive correlations with 
phosphate, oxygen and temperature— S_. alpinus and M. islandica — probably 
brought from the lake — were common in July in warm, phosphate -rich 
waters, and C. ocellata occurred in September. 
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2 « Correlations for Stephanodiscus binder anus 

This species was abundant in May and June in the river plume 
and in the lake. It vas absent from the river, negative correlations 
at the Lake with silica, phosphate and sulfate suggest uptake of 
nutrients and perhaps preference for lower sulfate content, or 
association with lake water rather (of lower sulfate content) than 
with the river water (of high sulfate content). 

3. Correlations for Stephanodiscus hantzschii, S^. tenuis, S. subtilis 
and S. minutus ~" "" 



Ihese diatoms were the spring dominants in the river. Except 
for S. minutus which was absent in the fall, they were also common 
during other months, and S, subtilis and S_. tenuis shewed small peaks 
in the fall* All occurred in usually smaller numbers in the plume and 
still smaller in the lake. Highest populations were associated with 
nutrient rich waters. 

Generally, in any one area (PP, MP, EP or LAKE) all four species 
often showed either positive or negative correlations with phosphate, 
silica and nitrate. Enhanced uptake of phosphate in the river during 
the spring growing season was illustrated by negative correlations of 
phosphate with Eu tenuis and S. subtilis. In the river plume negative 
correlations with phosphate were noted for S. subtilis and S. minutus, 
and in the lake for S_. tenuis, S. hantzschii and S. minutus . Positive 
correlations were found for £. tenuis and S. hantzschii in the plume 
area, and for S. subtilis in the lake. 

The partial correlations of these species with silica were usually 
negative; significant statistically negative correlations were noted 
for S. hantz s chii and S. minutus in the river and for S. hantzschii in 
the edge of the plume. 

Significant negative correlations with nitrate nitrogen were those 
of S. subtilis in the river and of S. tenuis at EP. Positive correlations 
were noted for S^. subtilis at EP and for £. hantzschii at Lake. These 
somewhat confusing results or lack of pattern in the correlations may 
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have very well reflected the usual confusion associated with 
Identification of these similar morphologically froms of 
Stephanodiscus . It is important, however, that the correlations 
did occur, suggesting that abundance of these species was determined 
by the abundance of nutrients in the spring, 

The results at stations PP and EP showed usually negative 
correlations with temperature, and in the plume area (MP and EP) and 
Lake positive correlations with sulfate and chloride — an indication 
that largest populations of these species were found during colder 
months, and that they were mainly associated with the river water of 
high sulfate and chloride content. 

As in the case of the lake spring dominants — S. hantzschii 
showed negative correlation with carbon dioxide at the edge of the 
plume. 

K. Correlations for Fragilaria crotonensis 

Fragilaria crotonensis was a perennial dominant in the lake with 
high numbers in the fall and summer. It was also abundant in the river 
plume (particularly in the fall and summer) and in the river (especially 
in the summer). 

The results for stations MP, EP and Lake often included positive 
correlations with light, oxygen, pH and phosphate, and negative 
correlations with nitrate and with temperature. However, only the 
correlations with temperature at MP and EP, and with light at EP 
were significant statistically. 

The results for station PP showed good positive correlations 
with phosphate and temperature and negative correlations with alkalinity. 

5. Correlations for Cos ci nodi scus. subsalsa 



This species which is characteristic of polluted areas, was 
common in the river in the summer and fall. Smaller numbers were present 
in the plume, and still smaller in the lake. 

There were negative correlations with oxygen at all stations, 
negative correlations with nitrate and temperature, and positive ones 
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vith alkalinity, chloride and sulfate at stations PP, MP and LAKE, and 
negative correlations with silica at PP and MP. Although many of these 
results were not significant statistically, nevertheless they suggest 
uptake of silica and nitrate in colder (deeper?), eutrophic waters 
(positive correlations with sulfate, chloride and alkalinity) of lowered 
oxygen content. 

6, . Correlations for Green Algae 

In all areas of the studies green algae were found in highest 
numbers during the summer. Within each station group the greens showed 
negative partial correlations with nitrate nitrogen, and positive ones 
with pH and oxygen. Correlations with light were positive at stations 
MP, EP and Lake, and negative at PP. 

There were also noted negative correlations with phosphate at MF, 
with silica at Lake, and positive correlation with silica at PP. Both 
results for silica however, were not significant statistically. 

Perhaps the most interesting results were the negative correlations 
with nitrate; greens were found in highest numbers during summer in 
nitrate poor waters. 

!• Correlations for Blue - Green Algae 

In general the results for each station group showed positive 
correlations with temperature (blue -greens occurred in highest abundance 
in the summer) and negative correlations with light. 

At station PP significant statistically positive correlations were 
with phosphate and nitrate, and negative correlations with sulfate. 

8 . Correlations for Chrysophyta, fyrrophyta and Flagellates 

The first two groups of algae were generally found in highest 

numbers in the summer, and flagellates were most abundant in the spring 

and late fall. 

Certain general similarities were noted in the results for these 

phytoplankter s . Within any one of the station groups, Chrysophyta, 
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tyrrophyta and flagellates often showed positive correlations with 
phosphate, and at stations MP, EP and Lake negative correlations with 
silica. Correlations with nitrate nitrogen were either positive or 
negative and significant only at EP; for fyrrophyta (positive result) 
and for Chrysophyta (negative result). 

These results may indicate that higher numbers of these algae 
vere associated with waters of lowered silica content (Chrysophyta 
require silica for formations of spores) and suggest also growth 
stimulation by phosphate. However, the positive correlations of 
Chrysophyta with phosphate (significant at PP and Lake) are somewhat 
surprising since Dinobryon divergens, which was the major representative 
of this group, reportedly prefers phosphorus -poor waters (see Hutchinson, 
1967). 

Conclusions 

1, Spring-flourishing diatoms in the lake, in the river and in 
the river plume were found in nutrient-rich waters. This was reflected 
by correlations of these species with phosphate, silica and nitrate. 
Occasionally noted negative partial correlations of some of the spring 
dominants ( Stephanodiscus trans ilvanicus, £[. sub til is , , £. tenuis, 
§.• hantzschii, S^. minutus, Cyclotella ocellata ) with temperature, suggest 
that colder water — together with abundant nutrients— may be favorable 
for their growth. Negative correlations of most spring diatoms 
(S tephanodi s cus tr arts i 1 vani cu s , £. alpinus, S. subtill s, S . minutus, 
Cyclotella ocellata, Melosira islandica and M. italica subsp. subarctica ) 
with phosphate in the river plume suggest enhanced uptake and competition 
for this nutrient — a result obtained also in the analyses of total algae, 
total diatoms, Cyclotella meneghiniana v. plana, Melosira granulata v. 
angustissima and M. granulata . 

2 It appears that Coscinodiscus sub sals a may flourish better in 
waters of low oxygen content. 

3. Summer depletion of nitrate observed in all areas of the studies 
may perhaps be attributed to a high degree to the uptake by green algae. 
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4. It appears that lyrrophyta and flagellates may reach highest 
numbers in waters of low silica content. It is likely that phosphate 
stimulates their growth. 

F« Summary 

1. Three centric diatoms, Cyclotella meneghiniana v. plana, 
Melosira granulata v. angustissima, and Melosira granulata occurred in 
abundance in the Grand River, particularly in the fall of 1968 and in 
the summer of 1969. Their numbers (cells /ml) diminished sharply toward 
the inshore lake area. A more than ninefold decrease in the average 
numbers of M. granulata v. angustissima and M. granulat a was noted at the 
lake stations in comparison with the river station. The average numbers 
of £. meneghiniana v. plana decreased 32 times. 

2 The temperature range favoring their growth in the summer and 
fall seems to be 9 to 27°C. All three species were also present in 
March or April at such low temperatures as 2°C and 4°C, however, their 
counts were low, and especially low for M. granulata v. angustissima 
^^ }£.• granulata (MP, March, EP-March, April). C. meneghiniana v. plana 
which was present at low spring temperature in the river and the plume 
area in quantities substantially larger than the two other species 
(often about 50 cells/ml) was absent from the lake station in March at 
2 to 3°C. All three species are usually reported in literature to reach 
highest numbers during the warmer months of the year (see Rice, 1938; 
Budde, 1928; Hutchinson, 19^7; Whitford and Schumacher, 1963; Schroeder, 
1939). 

3« It seems that high light favors the growth of these three species. 
In this study it was especially noted in toe river plume area (MP, EP). 
Rice (1938) observed that £. meneghiniana prefers well-lighted water. 

h. C. meneghiniana v. plana, M. granulata v. angustissima and 
Us granulata seem to prefer water with rather high chloride concentrations; 
the average chloride value in the river was 35*5 ppm. Even the populations 
of these species present at the lake stations were found in waters with 
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chloride values much Tiigher than the average value for Lake Michigan 
(5 to 7 ppni — Powers and Ayers, 19^7) • Stoermer and Yang (1970) mentioned 
£• meneghiniana v. plana among diatoms which have been observed to occur 
in chloride contaminated waters • 

5« Highest numbers of the three species were found in the 
eutrophic river water characterized by the following average chemical 
values obtained during the present study: chloride 35*!? Ppm, sulfate 
&!•! PP^, total alkalinity as CaCO^ 203 ppm, pH 8.7> orthophosphate 
68 # 9 ppb, silica h.hZ ppm, nitrate -nitrogen h?0 ppb. It appears that 
their development was strictly related to the high amounts of particularly 
phosphate, silica and nitrate nitrogen. The increases in numbers of 
these species were noted to be proportional to the level of phosphate 
in the water. The amounts of phosphate present seemed to stimulate 
their growth and an enhanced uptake of silica and nitrate nitrogen. The 
average orthophosphate value was more than twice the amount associated 
with nuisance algae conditions elsewhere (ca. 30 ppb, Sawyer, 19^7). 

6. The drastic decrease in the quantities of these diatoms from 

the river to the inshore lake waters was evidently related to the dilution 
of the river in the lake; the flow of the river was an important factor 
determining the quantities of these species in waters at stations MP 
and EP. This was illustrated by the positive correlations of algae 
with turbidity, silica, sulfate, alkalinity and chloride evident at 
depths where river water was detected. 

7. As observed in the present study warm water, high concentrations 
of nutrients and appreciable amounts of chloride seem to be necessary for 
abundant growth of C. meneghiniana v. plana, M. granulaba and M. granulata 
v- angustissima * High development of these species in the inshore 

lake waters in the spring must have been prevented by low temperature, and 
during summer depletion of nutrients apparently inhibited their growth. 
Particularly C. meneghiniana v. plana appeared to be the least successful 
of the three species in the inshore waters of the lake. It appears 
unlikely that these three species dependent on warm water, abundant 
nutrients and rather high chloride content will ever reach high abundance 
in the open waters of Lake Michigan. Stoermer and Yang (1970) observed 
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that M. granulata and M. granulata v. angustissima "appear to be 
temperature limited and, unless thermal pollution proceeds to very high 
levels, it is doubtful that they can occupy the offshore waters of 
Lake Michigan successfully. " 

8. The average numbers of total algae and of total diatoms were 
higher in the river than in the plume area and much higher than in 
the lake. The differences in levels of algae in the four areas of 
study were evidently associated with the decline from the river to the 
lake of the amounts of phosphate, silica and nitrate nitrogen. 

9. The river plume appears to be an area of high competition for 
nutrients. Especially noteworthy was the drastic disappearance of 
phosphate in the river plume, (stations MP, EP), almost directly 
proportional to the decrease of C. meneghiniana v. plan a . Apparently 
the dominant species in the river store excess phosphate in their cells 
and utilize it actively later on in the plume region where the demand 
and competition for this nutrient seem to be very much increased. 
Traces or zero phosphate concentrations were noted repeatedly in this 
area, however, the populations of the three riverine species observed 
at the same depths occurred in rather high numbers, while many of the 
remaining phytoplankton species were present in small numbers (especially 
in July and August). Generally the depletion of phosphate noted at 
various times in waters of the plume area did not actustlly limit the 
populations of Bacillariophyta as a whole; the individual total diatom 
counts were at least 1300 cells/ml. In only one case in August, EP, 
where no river water was detected, the diatom numbers were limited to 
1*98 cells/ml, and it seems that the depletion of phosphate was the 
responsible limiting factor. (The average silica value,, however, was 
only 0.1*9 ppm, and there were only traces of nitrate nitrogen). 

Silica and nitrate at the MP and EP stations, much decreased in 
comparison with the river values, seemed often to be present in a 
sufficient supply to support high numbers of diatoms but sometimes 
their concentrations fell to very small values; (e.g., July MP, July 
and August EP). 
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10. In the inshore lake area (Lake) scarce silica, nitrate and 
depletion of phosphate apparently inhibited the diatom growth in 
surface waters in July, August and September. However it may well be 
that phosphate was the major limiting nutrient (see discussion in 
Section V, subsection Lake). 

11. High numbers of spring flourishing diatoms in the river, the 
river plume and in the inshore lake were apparently determined mainly 
the the abundance of nutrients in the spring. Negative correlations of 
Stephanodiscus trans i lvani cus , S. sub ti lis, S. tenuis, S^. hantzschii, 
§• minutus and Cyclotella ocellata with temperature sugges t that good 
development of these species might be expected in colder waters. 

12. Warm water is apparently favorable for the growth of blue- 
green algae. 

13* Perhaps the main conclusion to be drawn from both the 
statistical results and the examination of chemical and physical data 
versus algal counts is that phosphorus was the most likely nutrient 
controlling the abundances of algae in the four areas of study. Highest 
numbers of phytoplankton were found in the river waters rich in 
phosphates. The increases of algae in the river seemed to be propor- 
tional to the levels of phosphate in the water; this was illustrated 
by the positive correlations of algae with phosphate. The river plume 
(stations MP and EP) appears to be an area of a high competition for 
decreasing nutrients and particularly for drastically decreasing 
phosphate; this was illustrated by the negative correlations of algae 
with phosphate. Lowest numbers of algae and lowest concentrations of 
nutrients were found in the lake; the growth of diatoms in the summer 
and early fall was evidently inhibited by depletion of phosphate, silica 
and nitrate, and it is highly possible that phosphate was the major 
limiting factor. 



VII. GENERAL CONCLUSIONS 



Analysis of the phytoplankton and associated environmental factors 
in the lower Grand River, in the river discharge into Lake Michigan and 
in the adjacent inshore waters of the lake, showed pronounced differences 
between the areas of studies in the physicochesical conditions and in 
the numerical abundance and quality of the phytoplankton. 

the Grand River, where highest nui±>ers of algae were found (the 
average yearly abundances were more than fivefold greater than in the 
lake), had highest concentrations of various chemical constituents 
including phytoplankton nutrients, and lowest Secchi disc transparencies; 
it appears to be highly eutrophied and more productive than the adjacent 
inshore lake waters. The river plume area, where intermediate— between 
the river and the lake — values of productivity-related parameters were 
observed, seems to be also more productive than the inshore lake. It 
should be pointed out however, that in late winter— early spring, one 
might expect largest quantities of phytoplankton in the plume — inshore 
lake region, since abundant growth of major algae in the river ( cyclo - 
tella meneghiniana v. plana, Melosira granular v. angustissima and M. 
granulata) during this period, particularly when the river is covered with 
ice, appears to be inhibited by insufficient light and low temperature. 

Differences in the levels of total phytoplankton between the 
river, the middle of the river plume, the edge of the plume and the lake 
appeared to be associated with the decline frcs. the river toward the lake 
in the amounts of phosphates, nitrates and silica* 

Diatoms were the predominant phytoplankters in all areas except 
in the lake during August, when greens and other algae were more abundant. 
The phytoplankton of the Grand River was at all times dominated by diatoms 
typical of highly eutrophic waters, while the river plume and the lake 
floras contained diatom assemblages with high nnnfcers not only of 
eutrophic J but also of oligotrophic and eurytcpic types. 

Qualitative differences of the flora between the areas of studies, 
particularly between the river on one hand, and the river plume and the 
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lake on the other, are probably explicable mainly by the differences 
in the level of essential nutrients. However, the absence from the 
river (or presence in small quantities) of several eutrophic species, 
which vere abundant in the plume and in the lake, suggests that 
differences in concentrations of various other chemical constituents 
such as high chloride and sulfate in the river were most likely also 
significant in influencing the distribution of these species. 

It appears that seasonal variations in abundance of total 
phytoplankton in the Grand River resulted chiefly from the changes of 
temperature and light. Nutrients and silica in spite of variations 
were present in rather large supply and it is unlikely that they were 
limiting to algal growth. However, the fact that phosphates were 
always abundant and the observed minimum values of nitrate (20 ppb) 
and silica (0.62 ppm) suggest that both nitrate and silica may become 
diminished in these waters during phytoplankton maxima in the summer 
or fall. 

In the inshore lake seasonal changes in abundance of phytoplankton, 
as well as the seasonal succession of dominant species, appeared to be 
associated mainly with the availability of phosphate, nitrate and silica. 
Inhibition of diatom growth was evident in surface waters during summer 
and early fall. Low numbers of diatoms, especially in August coincided 
with a general depletion of nutrients. Any one of the nutrients measured 
might have been limiting to diatom growth; however, it is very likely that 
phosphorus was the major limiting factor. 

Seasonal changes both in abundance and the species composition of 
phytoplankton in the river plume area appeared to reflect both the 
periodicities observed in the river and in the lake. The influence of 
the river phytoplankton was most pronounced during the warmer months and 
especially evident in the middle of the plume, where highest numbers of 
the total flora were found during the summer and early fall. The influence 
of the lake waters was more accented in the spring than in other seasons 
and was especially evident in the edge of the plume; as in the lake, 
the plume edge peak numbers were found in the spring and lowest 
quantities occurred in August when the nutrient poor waters had chemical 
characteristics close to those at the lake stations. 
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'Che fact that highest numbers of phytoplankton taxa vere almost 
invariably found in the middle of the plume, and that practically all 
of the major diatoms, including the oligotrophic offshore dominants in 
Lake Michigan occurred — at least on several occasions — in high numbers 
and in high relative abundance in the plume area, sioggests that the 
river plume is a region of favorable environmental conditions for many 
phytoplankters ♦ The river plume appears to be also an area of high 
competition for nutrients, particularly for drastically disappearing 
phosphate. 

The flow of the river is an important factor in determining the 
amounts and quality of phytoplankton in the middle of the plume and the 
edge of the plume, especially during the warmer months. It is also 
an obvious factor in influencing the species composition in the inshore 
lake waters. Consideration of all the chemical and phytoplankton data 
leads one to the conclusion, that although the Grand River is undoubtedly 
an important source of many phytoplankters for the inshore lake, its 
main role is in modifying the chemical conditions of the inshore lake 
waters. 

Abundant growth of diatoms Qyclotella menegMaiana v. plana, 
Melosira granulata v. angustissima and M. granulate which were the 
principal algae in the Grand River, and which corprised also a signifi- 
cant portion of the flora in the river plume and in the lake, appears to 
depend on warm water, good light, abundant nutrients and appreciable 
amounts of chloride. High development of these species in all areas 
during spring was evidently inhibited by low temperature, and during 
summer in the lake depletion of nutrients must have inhibited their 
growth. These diatoms may never be abundant in the open waters of 
Lake Michigan. 

It is likely that abundant growth of spring-flourishing 
diatoms - - S tephanodi s cus trans ilvanicus, S. al pinus, S. hantzschii, S. 
binder anus , S. tenuis, S. subtilis, S, minutus, Cyelotella ocellata, 
Melosira islandica and M. Italica subsp. subarctica— is determined 
mainly by the abundance of nutrients in the spring. Cold water— 
together with abundant nutrients— might be favorable for the develop- 
ment of S. transilvanicus, S. subtilis, S. tenuis, S. hantzschii , 
S. minutus and C. ocellata. 
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Coscinodiscus subsalsa, a diatom typical of polluted waters, may- 
be favored by low oxygen content. 

Good growth of blue -green algae might be expected in warm water. 

lyrrophyta and flagellates may flourish better in waters of low 
silica content. It is likely that phosphate stimulates their growth. 

Examination of physical, chemical and phytoplankton data compared 
with the results of multiple regression analyses leads to the 
conclusion that phosphorus was the nutrient most likely to control the 
numerical abundances of algae in all the areas of study. Phosphate 
was the most likely nutrient stimulating the abundant growth of 
phytoplankton in the river and an enhanced uptake of silica and nitrate. 
Negative correlations of total algae, total diatoms and dominant species 
with phosphate in the river plume, suggested high competition for this 
nutrient. Phosphate was also the likely major nutrient to be limiting 
diatom growth during the summer and early fall in the inshore lake. 
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Fig. lh Locations of sampling stations and of the visible river plume, 
July 25, 1969. 
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Fig. 2b Bottom phytoplankton counts, September 26, 1968. 

a - total algae; b - diatoms; c - greens; d - flagellates. 
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Fig. 3a Surface phytoplankton counts, October 15, 1968. a - total 
algae; b - diatoms; c - greens; d - flagellates. 
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Fig. 3b Bottom phytoplankton counts, October 15, 1968. a - total 
algae; b - diatoms; c - greens; d - flagellates. 
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Fig. 3c Surface concentrations of: h - silica; i - orthophosphate; 
j - nitrate nitrogen, October 15, 1968. 
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$ - nitrate nitrogen. March 18, I969. 
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Fig. 6a Average phytoplankton counts, April 17, 19&9. a - total 
algae; b - diatoms; d - flagellates. 
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Fig, 6b Average concentrations of: h - silica; i - orthophosphate; 
j - nitrate nitrogen. April 17, 19&9. 
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j - nitrate nitorgen. May 29, 1969. 
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Fig. 8a Average phytoplankton counts, June 23, 1969. a - total algae; 
b - diatoms; c - greens; d - flagellates; e - blue greens, 
f - Chrysophyta. 
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Fig. 8b Average concentrations of: h - silica; i - orthophosphate; 
j - nitrate nitrogen. June 23, 1969. 
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b « diatoms; c - greens. 
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Fig. 9b Bottom phytoplankton counts. July 25, 1969* a - total algae; 
b - diatoms ; c - greens . 
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J - nitrate nitrogen, July 25, 1969. 
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Fig. 10a Surface phytoplankton counts. August 29, 1969 . a - total 

algae; b - diatoms; c - greens; d - flagellates; g - Pyrrophyta. 
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Fig, 10b Bottom phytoplankton counts. August 29, 1969. a - total 

algae; b - diatoms; c - greens; d - flagellates; g - tyrrophyta. 
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Phytoplankton, average counts in the Grand River, September 1968 
to August 1969. a - total algae; b - diatoms; c - greens; 
d - flagellates. 
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Fig. lib Fhytoplankton, surface counts in the Grand River, September 1968 
to August 1969. a - total algae; b - diatoms . 
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Fig. lie Hiytoplankton, bottom counts in the Grand River, September 
1968 to August I969. a - total algae; b - diatoms. 
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August 1969. 
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i - orthophosphate; j - nitrate nitrogen. Fig. 12c (lower). 
Fhytoplankton, average counts: a - total algae; b - diatoms; 
c « greens; d - flagellates. Inshore lake stations, September 
1968 to August 1969. 



i 



-239- 



f 



t 
4* 

T&.1 - 



« ■■ 

-3 

2 



\ 



j 

s 
* 

8 






fi 



•30 



— >o 



-10 




Sept (5) Sept (lj Oct. Nor, 



^r 



Mar. Apr. May j me 'julyAugO?" 



Aug(2) 



Fig, 12d (upper). Surface concentrations of: h - silica; i - orthophosphate; 
i - nitrate nitrogen. Fig. 12e (lower) Fhytoplankton; surface 
counts; a - total algae; b - diatoms. Inshore lake stations, 
September 1968 to August 1969. 



-2*0- 



t 



$ .5 



.3 -- 



.1 -. 



k 8 

3 " 
2 

1 



8 



K 



^V 



/ 



5 
S 



g H 



5 

» - 



\v 



W 



Sept (5)' Scpt(l^ Oct. * Hoy. 




Kar. Apr. May June July Aug(l) Aug. (2) 



Fig. I2f (upper) • Bottom concentrations of: h - silica; i - or thophosphate ; 
j - nitrate nitrogen. Fig. 12g (lower). Phytoplankton, bottom 
counts: a . - total algae; b - diatoms . Inshore lake stations, 
September 19&B to Au^u.?t 1969. 



•2^1- 



! 



w r 

80 
15 ~ 

10 



/ * 






ZZ"' 



5 

e 

3 
2 I 

1 « 



5 

v I 

3 I 






«T*0 

-30 



".g^ 




/ - 



I 

s 
f 





Sept. 'Oct. ' Hov. ' 



^^pr. ' Kay ' June 'july(lij Aug. 



Fig. 13a (upper). Values of: k - surface water temperature; t - Secchi 

disc. Fig. 13b (middle). Average concentrations of: h - silica; 
i - orthophosphate; j - nitrate nitrogen. Fig. 13c (lower). 
Fhytoplankton, average counts: a - total algae; b - diatoms; 
c - greens; d - flagellates; e - blue greens. Middle of the 
river plume, September 1968 to August 1969. 



-2te- 






s 

s 
I 



.5" 



n 2 



i-V 







A 





-50 g 



20 "I 



Sept. ' Oct. * Bov.' ' Kar. ' Apr.' Kay * June 'juljr(W July(l) Aug. 

Fig. 13d (upper). Surface concentrations of: h - silica; i - or thophosphate ; 
j - nitrate nitrogen. Fig. 13e (lover). Phytoplankton, surface 
counts: a - total algae; b - diatoms. Middle of the river plume, 
September 19® to August 1969. 



-2*3- 






i 

2 



S 

3 



.5 -- 

- ~2 



s 

§ 



/ 
/ 
/ 





^=-.=r=— .r><i 



-I 1 — 1 — T 




60 
50 % 

- t 

20 J 

f 
o 

■t 



__ , f 



Sept.* Oct. JJoy. 



1 Kar. ' Apr.' Key ' June 'juJyCfc}* JulydWug. ' 



Fig. 13f (upper). Bottom concentrations of: h - silica; i - orthophosphate; 
J - nitrate nitrogen. Fig. 13g (lower). Phytoplankton, bottom 
counts: a - total algae; b - diatoms. Middle of the river plume, 
September I96B to August 1969. 



-2tt- 



«» * r 



I 

S 15 
I 

!: 



/ C2> 
/ 

t — , — , — j — 


s 

• I -1 ■ "T '"1 1 I ■ """' 



5 

k 

3 2 

o 

2 3 

i S 
2 




Styt. " Oct. 'tfovU,^) ' Mar. 7pr. ' Ha/ ' June ' Jidy Au«, 



Fig. lira (upper)* Values of : k - surface vater temperature; I - Secchi 

disc* Fig. ihb (middle). Average concentrations of: h - silica; 
i - orthophosphate; j - nitrate nitrogen. Fig. l^c (lower). 
Rjytoplankton, average counts: a - total algae; b - diatoms; 
c - greens; d - flagellates. Edge of the river plume, 
September 1968 to August 1969. 



-2fc5- 




\ 



\ 



<?\ 



-i 1 1 1" 



a 



l 

s 

* A 

8 
f - 

t - 



1 




//\ 



- A' x 



v: 




Sept. i Oct. I SovCl)! Cot (2)1 I liar. « Apr. • Kay I June I July I Aug. I 



Fig. l^d (upper). Surface concentrations of: h - silica; i - or thophosphate ; 
) - nitrate nitrogen. Fig. ike (lower). Fhytoplankton, surface 
counts: a - total algae; b - diatoms. Edge of the river plume, 
Septenfcer 1968 to August 1969. 



-21.6- 



! 







t 


- £ 


' \ 


i - 


I 

■' 8 

- » 3 


1 
\ 

\ 


I 

1 - 




* \ » 


* 


- 3 


\\ 


s - 

f 


- 2 

f r _ .....j r 


1 1 ~"i~- 


f - 

~T 1 1 "^ 1 ■ 




§3 Sept. ' Oct. 'Bord^Hov.tei ' Har. 'Apr. * Kv ' J«n« ' *>*/ ' **- ' 



Fig. l4f (upper). Bottom concentrations of: h - silica; i - or thophosphate ; 
j - nitrate nitrogen. Fig. 1% (lower). Fhytoplankton, bottom 
counts: a - total algae; b - diatoms. Edge of the river plume, 
September 19^8 to August 1969. 



-2fcf- 



£©*•*■*» •* »a 




-ato- 



r 



i 



H a *» "-* do g 

§3 R Si S g fl *| g M § KK | 

ja * ft§ a § « * sg r§ g | 

|- « g#? « | r- e s nn | • 

1 .2 * | §§ 3 | I R * *" SS 3 "" I 

.5 a- Rg $ |R-jf ne « «"• | 

R » 

.5 ss r r g. i JW * s g* a « w * 

*• 83 8 g g g *-" 6 -• XR » "" J 

.2 js IS SI « rt »SH | 

H s| & S3 | *s g «* gg s — | 

- — {{I f f 9WJ-J 

H rs? r |3 g «3 « «§ a "** § 
5 » d 



!• -ft 



?fl • ^ • . S 

3 SEE Ssa^J'S-ilSSfi < 39 3 *§ 93 9 3^ :2 
£ B i: d co «**»«> t> *» *j . *J g <5 <3 3 »: kl && S <5 *4 Is 



-2»»9- 



3 *3 i 5 I « sa 



i 



|s § g r a- a «s a ' g rt as 

I s % | a as | su* $ • js « 

$ * » ax s »r j a s § § 

," fi f ' * w ' 3 £ » * 

*"' I a • -s F s " " - 8 ft 3 » 

S | ^ *a g«*s » K £ * < * 

3 | | w ~ $ * *> J fi 8 «l 4 

* f ~ S3 ^ «l S n g 8 tt && 

/ I § * ft * • ^ » * a r »s 

a § 3 ** s* 3** ~ R * s 3" 

H $ $ » ss a~a s a * *■ &* 






" ft ft * * *^ s » S $ 

^ || * a- ptf s a 3 | a 

H g 3 ? r» pa « & g § d 

- -s » a * g g 






& * g fc 



?s- s . IH 



s i ,-i* s.f z J -•§ alia* 

© • . , • « l ah ♦> c c u u » » i»» . J. if h < v *. 8 >; R Bit o >; K 



-250- 



|« ♦. • . . 2 22 P. S3 *g s •» i 

h a • •» * j ?i s ^ as ^ s n & 

- *S*g ** 3- I 33 a £g *tf ft gs i 

gs g gs *a £ %*> 3 sa a 5 * 5 83 I 

* 3* * 5 ft* I 8£ £ Sffi. 33 ti 33 g 

5° s © s ^- j a H e £ e* £ rt - | 

** a. 04 s g s 8^8 § 83 * ** I 

i f 1 3i . .• I 



i 



».« 






- -""131 " **-& ^1 ^^ £ ^3 






•5 o P y»«« «S g 55 5 



«a 


r 


u 


J. 


«.2 




si 


II 


1 


ft 


33 


3 




C 


c 


<»! 


SS 


^ 



-251- 



- * a sa 


*••* fc *3 


*• 


•»t 


a » 




a 


|2 S S a 2 


h r» v» < ^ M ''* 
d d © 


d 


d 


« » 






- 9 2 a 2 


odd do 




d 


s fl 




w 
d 


a S a " 


d w * 


«* 


«c 


CA IJJ 


t- 


d 


t- u ■ 






-• 


•■1 CM 


« 


9% 


- f I * 




*o 




s ! 


S3 


«r\ 


H 2? I» *~ 

9) § 


.* r> jnr- ** 






!: § 


£ 


S3 


"* IT" - 




«i 


en ft 

ft g 


to 


38 


v> «»» r» 

. .- a * 


a-* s s •* 






s J 


»S 


CM 


r M 


a" s » « 








CO 


3* 


* * « a 


» 8 a * 






p R 


-8 


«D«0 


»- • £ 

J "IB " 


<©«•> o v> 

r* rw 01 


v> 


CM 


<w #» 


I 


n 


~* 5 SS 


5; 




H «l 


s 


r 


\fi 2 I " 


33 82§ 


8 




Jt «* 


i 






^88 2SS 


P 




J* .» 




1= 


s*E5 S 


o* «Ph 




CM 


S 3 




«o 


r i « * 


* *** 


' -• 




* a 






"H 6.. 


s 33-" 


* 

»« 




s c 






* S * a 


Q J)OW 
* MA 


Ok 


«\ 


3 S 






r ga « 


^5 H &** * 


o» 


r4r4 


S S 






■ * r 3 a 
5 ~ 


5 8K 


«\ 




3 S 






I 3 * 1 * 

"ft 8 






s 


3 6 




•* 


S8 §23 


8 


s 


S 9 




a 


•^ »- n m 


* s« 


& 


CM 


3 ft 






■.-11 * 


3 £8 


n 


r» 


a S 




rf 



■»^»: 



1^ I « fi « 



ijigi.Ut-.i °,im 

8 Hi \atzm la.'sls. S§2 & i|.5 «;.? 

h *i8o r ?•> gc u o o o o^JCtj u «S ^ ^ >; >: ** ^ i- 



I- 



*s 



-252- 



£ CM cm JJ «D«r» v><o »- ^ M _» 

*" © - " " g 

w •* © 

r* *2 **-* «•< cm .-» .» 



40 t-«»N CD 



*° *- el no •-» .» <-< «, aa art m ►— 
O rt «\ CMCM ^ rtS §\ 

w ^ *"• «-• cm cm .» 

CM 



-NO -* At 



I H g 8S as s|«« s g s* s ss I 

RR g 



CMNO -» J* Jt\t> NO 



«i cm t- 00 vo on 



55 ~ rt 3 w ft 







CM 


ft 


«D<0 


2 




CM 


8* 

no 


•-I IT* 
NO 


#n 




■-» 

*- 
CM 


r 


S3 


•O 


r»m 


S* 


CM 

O 


NOl~ 




«OCM 


CM 


co 


•H rl 


CM 


H 


S 


-» 


■* 


-»-• 


3 


R3 


*o 


NO 


^R 


NO 


NO NO 
»^ 1-1 


00 

.4 


P 


*•* 


%© 


S 


3 




S3 


£ 


CM MN 
CM 


"? 


8 


NO NO 


H 






s 


a 




as 


•ft 




CM rt 


3 


0O0O 
CM CM 




P 


.»<* 




R 


«* 


NO 
CM 


»-r< 


CV) 
Ok 


rt 


%s 


ON 


NO NO 




*H 


a~ 


r« 


a 


-» 


a 


PN-* 


r^ 


NO 


»^ 


-» 


CM CM 


l& 






j *M I' «1 «. «. .1 



* « •.» s w pi riJ s - 



KHiH:;~ 



-253- 



8 3 8 "' 


"-*•••• 






& - 


Si 


« 


l s f 8" 


•""• ft. # 


-• 




ft •» 


«f 


8 


H is " 


"" ST* g 


Ok 




8 • 


8 


a 


/KB" 


o\ ft R 


8 




- 


§ 


Hi 


I s s«- 


8ft ft fc 


ot 
-• 




V* 


§ 


3 


H SI 


-3 28« 


8 




•- *» 


ot 

S3 


£ 


i"t I " 


* s 


3 




* s 


*- 
» 


ot 

CM 


H I I s 


8 ft 


ft 




s 3 


ft 

ot 


OT 


«> t~ .* o 

- 8 * " 


Sol S3* 


«o 


OT 


« s 




#« 


|.» S S R 

** S 3 * 


z" $« .« 


OT 


ot 


S 3 






8 «■* 


ft 




a a 




•■1 


- a s • 


8- 1 S3 


s 




- « 






•> JS& -* -* 
J § 8 

" £ £ *"" 

v> Si 


** 5**^ 


«\ 


r« 


2 £ 






3 S2 H 


OT 


HI 


£ S 






ft « £ w 

3 ~ -* 

*»p ot »- 

r * * 


©1 Ot<OCD 
ITkJ« 

S Pft 


3 

r4 


HI 


5 3 

Of 

* 5 






H * S " 


*» £3" 


3 




* 3 






§•88- 


8 a 


<rl 


-» 


* 8 




t- 


8 ftS 


R 


HI 


•4 H 

• 8 




.• 


Li 


1 ^ 

A . « K : 


i 

o 


,3 


-J 3 


8 

s 

d 





8 



-25^- 



JjS fc "Jig a*- »& g S« J R» *6 J gg { 

H 5 5S ^ ^ » !5ft S 3* H R i SR 5 

ess** 3 3~ p 'us s 3a •*» ^ fcfc * 

* 3 ei r« e. c § <Kr * § as 2 W " fc& g 

h « -x m " WH } r 5 r§ ;* " ^ s 

• Cfc «\ *->*« «r\ ow\ as cm jt ►-.£ «o nn h 

r* jj « « «„ £ 30 - £g «•><* « JJ« £ 

►- « «t «4 ft r* *\ rl.» V\ « HVJ Q .».• rj 



I £ * ^* 



™ o © 5\ 

HO «r\ 

«. o 3 



a 3 



~2 






8 



«rtss.«3*.^«o-* fas ♦» a a v c 5 +» 3 .3 3 >« 



-255- 



S »S5 3 2 - 

*■* « «■ «% M 



a 3 9 § * 

«<** •- «• m 

3 ** R •" ■* 



«• m «i <v ei « 

> O O <» C 



8 5 £ 



r s 



-a h 



>© o «• 



* S S - "3 as" 
!* i 2 » - * *S » 



•***«> «* 



fc R " h^ 



o© 



»8 S 






5 : i^-5,I ? ilf ,f ill* 



R B.5R L''S.. C * E?a-» 
£3 £ SIS ^ *•' *£•£ <*>«'?.£••' 



a l> ♦. oj 






3 £«fe 5 § ^» *u £ jo§'^i, CSS S *3 "» . & 2-24: - 1 
*• fain S h <?o0 000 00 00 5 5 5 ail ^ <aj < 



-256- 



V> M*> 



S3 






» E 

H 

" 2 



**«■« w «ft 






t- «»* o o 



5*3 



38 



H .» #"» c\l ©* CO ». CM 



H> M ». *• . I 
• •> *« 

o a: ** r ;• t 



S j 



■« £ .i O ?- r. 



CO P. 



3* 

r 


5 


5* 


• •2 




as 

SB 


.3 




~*.c 


z 




$.2 


is 


«i 


-S ■» 




% 


£ 


|5 


■3^ 




?sg 


9 


?l 


55 


• 


c e 


c 




c e 


c 


«Sc5 


«* 


«£«£ 


o o 


• 
o 



«**. *» a. 
i^. -» a. 



-257- 



. " ? 

H S S 

3 o 5 

v> 3 S 

~ S 5; 

t t- ? ? 

• -» -» 

•S « «o v> 

5& ^ « 

£ ^ *> *> 



*- £ £ 

fc 8 S 

" 8 3 

•- 5 <5 

02 -* ** 






vJ K O 



lb " 

S3 3 



a. ^ ^ «! 
& 8 £ 



«> 5 * 

- » & 

" S S 



s 


1: 


eon 
-» W O 


»* 




«i-» d 


« 






d 




J5-»'o 


fi 


$ 


coco u\ 


d 


d 


jn^d 


» 


s 


<\i i- fn 


d 


d 


o}«nd 


£ 


? 


833 


d 


d 


^w d 



« 




S3 


8 


cJ 




£<A 


d 


8 




?{££ 


P 


«H 




ej^d 


M 






28 


© 


d 




B" 


d 


•A 




rt IA 
ONO 


«3 


d 




B" 


d 


CM 




S$ 


5 


d 




SH 


rt 


S 




Srt 


8 


d 




£-* 


d 


§ 


•H 


3* 


ri 


d 


H 


«°* 


d 


a 




33 & 


00 


d 


,H 


a* ' 


d 






8&£ 


o 






CKO d 


d 


*- 




R53 


co 



d 



* 8 

•A OS 



s 2 



£ S 

* & 

J? & 

~ 8 



3 pi 

• « 

ed in 

H\ CD 

8 £ 



.1 



»: ♦* « 



1 






i « l i K 



P •- ;■ 1 ««•• s' «> 
►4 « *{ .» «i . ^, , . 



. ft' & S J - 2 « 

► . »o v ^ .ro Jl .3 \ 

»i T «. »).-• p . v p. « t* ^ D *"J 






-J.K ^ J: ?-£!< 



<Jtjc>*0«J cj<]» ^ 5; 



-258- 



m* 








*s 


a 




K 




o 




oo 


* 


* 




*! . o 




r»»4 

OO 










HO © 




oo 


i 


* 


« 


5 


H ©* *S 




? * 


s 




no 


O 


«44» O 


«■ 


h d 


« 


* 


ft 


R 


• S. 




s * 






49 ** 


d 


HO 


t? 


d d 


tn 


* 




?* 










K 


o 


HO 


t 


H «4 


s 


* t 


*4 


*A ? 




u * S 


•4 

O 






© 


H© © 


t 


fc d e«* 


8 


> „ 


9% 


•t 


5 n 




P 3 


3 




t^ 


© 


•4 d 




«! H 


.» 


fc 


ft 
H 


© 






* * 


2 






o 


©h d 




«* oi 


•* 


•t 


t» 




»S 3 




3 3 


v> 




!< 




do d 


£ 


o d P 


n 


«. t 












H 




H 




8* 






49 




T 




OH 






Of 




•4 




~A '■* 


* 


? «? 


s 








HO d 


d rid 


a 




M\« 


H 

c* 






i? 3 


3 




to 


o 


do 




d d 


t^ 


lb 


© 


SB ft 
oo d 




8 28 

H OO 


m 

r- 
«> 


* * 


?« 




as 




s a 


P 




5 *o 




oo 




h d 


n 


t t 


K 


■ o 


o« O 




s & 


«4 

ft 




S 


d 


HO d 




©J d 


«o 


* 


v> 




5 * 


* 




fc 








d d 


d d 


w 


& 


5! 

•4 


•4 

o 


?? * 




• * 


* 






© 


oo d 




oi d 


*© 


.. & 


^D 




5 3 




8 ft 


«> 
•- 




^O 




d d 




« *© 


«n 


• 


fc 

•4 




■at- -* 

•*»#4 «*» 


t 


*T ? 










oo d 


«! d 


•Hi 


•> ■« 



1 2 i * 



c « •. 



-259- 



2 t ** * 



5.. 
I* ' 



^ Jf 



* * t 



t t 









u * 



r 



8 ^ 






I 

N 



1C ~ r ~ * v 



J J 



S5SJ2~°,: ►►►►► 



I 5 S ♦,- ir 



I B 



3 J o 5 • 3 



r *-* x k o. o. p. o. o. 



t. «0 J* t< k\. «» V « 

> J. C> t'V ,T '!M (J (i (J » fc 




-260- 



5 •- 



3 " 









t t 






h fa 
t fa 



O-fa 
fat 



d 

CM 



5/© 
d»« 



oo 



d-< O 



tt 


«»2 


© 


o'o 


8 


s 



5 


s 


© 


d 


s 


S 


d 


d 


v> 




p 


©d 


a 


a 




-261- 









Is 



t 5> * 
t It 



i 



** • *S- * I: 



5 5 'J jj * •* 



I. 



& £ <■" 






-8 -• 



,\ «» ♦» «» o «• > »•• « a 

fa* Si-: 5 -:SUi a 



#2 



i n 

■i, ° . 






r^x'zez^zmsiy 



" 3 



'J *. « •! 



-262- 



I? t 



o * 






5 

M 


© 

•4 






R 


R 




r r 


d 


d 


t. 


a* 


•ft 

d 


* 
d 


8 
d 


fc 

«• 


d 


d 


t 




d 


d 


h 


St 






•• 


s» 


3 
d 




3 
d 


Si 


* 


3 


t 


Oji 


d 


d 


«\fa 


40 


3 




& 



I." 



t * 



d 

& 
d 

8 



© 
d 

d 



5 

<M O 






8" 



d» 



3 



i IF* 

^ «» »> ^ «» ♦• /J *» ♦» :» 



« COH 

a «»•»»* *. 

••» P. {•. P. P. p. 

« fe I '• c, « 
.ft U> .«> .«» .r. ^S 






4 5 f 
♦I « z 






if fill" 



I 

!** 

Jfoss 

■tit" 

I III 



-263- 



3 . 



is* 

m 

P 

3.. 
8 



k e« «. 



& fr 



t t 



§ s 



5 



a 

rj I* 



o o» 
8 






* «•* 3 a. . 



^1 C w 



a* 



$ 22 _ 



: i«sls 



> »• o > - - -- ■- - 



•? I 






£ s >■ ? ;< '^ v: « :;~y- n a-: s,. ? : ~ h $ 






«.. k, (., K. U. 



-26k- 



§ S 



» t 



15 



« s 



l 111 t L I 



f Xi*rr ~ "' 

5 m •> m w t> .4 «? *j 3 2< 



,{i 

nil Mi ;?:.v':x . Sr! s . I: 



■> CI u 



id > 






H 



-fl P i* ff i • i' I! J *- " : ' . . ° . . 

H K w t* u.i^f.'.C. *i to »> to to to to 



to to 



?■& <*?.% 



8 
- : 1 > 



to to to to »■ 



to to to to 



3 - 






ss 



© 



© 
© 
o 

a 



-265- 






* t u u . t& 



2 E *< V *. * «• * M- h h p & 6 o & 3 « •« « : » o 2 A « I; *« Vi o 5 ~C ':; U 8 i 



-266- 



t « 



I: 









I 




-267- 



* t 



* * 



S* * 



5 . 

1 H 



* 5 



If 



•5 

J s 



i*U ■ .?i !...-^5 I i a f 




a»*s*«&t .*:«(,(, 



fei-.J* *:*!** 5* *i ;<» KPjfc 



-268- 



i 

i - 

ft 



I S 



V 






* * 



2 itl 



a 




- u r. ^ o 



-269- 



%\ 



V 



w 



i 

1 



t 
t 



tt 






8 

X 
•4 

S 
o 

8 
•4 

S 



•4 

•4 
SI 



I § 

Mil 



s 

i Us 



e» C* «n «rx t- v> <o ( f» ««"»_» * 



3j . S « V £ • 'j o i *r t n 

t «: : it ,*? .•* j; n *;-: •■? *;: -,* \ % 



- e. o. ex 

1 t o o 

* .** .** j* 1 . 



•I •* 
■I ♦» 



ft. o. o. »j "i! j 

«a « n m H « 



1 -^ -*J .? .** 
! ,»i "li K It 



r. ' J ' •" 
of; 



-270- 



t 

* I? 



If 

I? 1 






§3 



If 
If 
If 

t 



If & If*. 



If 

If .. 
If 

I ills 






8 3 
1 I 



** © 
5 



fl .7? 






* ! .«5«r 




-271- 







t 




tt 






H 


If 




t 






•• 


* 


H 




S 





I s 



:■. 



* 






© 

ft 



o 

3 

r 2 

« 



.5* 

► 5 

» 5 



»■ » » • *» 




-272- 



3. 



* 

* t 










*\ 



-2T5- 



9 a 

A A 

tt * 

© d 



t 


* 




8 


& 


& 


d 


d 


5 


d 


3 


a 


d 


d 


3 

d 


3 
d 



o o 

d d 

? $ 

d d 

d d 



fr t 



fi «3 J 3 

in • - 



5 



■■ :;?:~tis? ,j ~s _■?? ^-. 



s^mnn ....... 

' ~* ' ' • P. L P. t„ f>. 




I W 



-27fc- 



Sft 



* fr fr 



«• fc 



* 
* 

* t 






I B 



I* «> - 



V -I - a: s « * «? « 



3 -i 
I i 



Vt~1~: 



f, r r: V H-2 ,.r> «r ,) 
> JL» a •* j: p jr i- H i- :» 



o •»- 



sift »3 

•^ "^ .9 .-. rt 



CO — * 






«S r* rj £ «*i £» 



ft ~ 






r 



i 
f 



-575- 






** 






st 



£ a *. ; 



.! U O y . 



S£ lo M 2|*VI fcj bl C. 



*»-: » 

^.^ M . . 
*a 4' 1. > 

« if 1 a kz.. 
fci ij (.i uj" t.; 






^1 



fc. *. r„ <:; 



y 

*2c 






6* 






04 «, 



-276- 






t t 



5 * 

r 

& 



ii 









* * « 

UK 






fr* 



\,£ 






: o *. 



P 

I 5 



- -2 * * 

.9 "R-i if. 



•£«.?*; 



2 E £ 

Km 



fr a 



I s 



§6 



-277- 



c 

1 



?. S 



«Rw 



BE 



* A. *^j 



£85 



"* r 
ft « 



o2 



GZ 



• o .3 • * " ** 






s? » 



3 a 



5 I 






5^ 



3 



J I 







-27»- 



28 
93.86 
36.20 


2 
d 






«H 


£P3 


sej S J8 

*• o ** 


«n 


s» 


(V 


wo 




•4 




«l> 




«n© 


*« ^ ^ 


d 




r5 


0*0 


Sfc 


C Si w 


in 


o 


<n 


a 

«»© 


0»«HlTk 

k©«© 




8 

-4 


© 


J? 


« 


d#4 


* « s 
* a 


* 


o 


a 


« 


SIS* 
odd 


*0 Ok R k© 


CO 

d 




ft 

«0 


V 


CKVOCM 

di^d 


|Hn ok o 

|6 S 3 


O 


fc 


o e- 

d «"« 


o 
© d 


w%miA 
r<d d 




*© 


•* 


© 


o 


as 

©d 


Ok •• <V 




u 




r3 


gdd 






o* 


-• 

ON 
<kj 


V 


VSfiri 


- 3 3 
si & 


A 


h 


3 

d 


© 


*4r4rl 
J» J* Jt 

«4dd 


* $ ft 


d 








3# 
•id 


- & 3 
& 8 






d 


3 





o odd 

& 5 g 8 

o O .* MX 

* £ s 

O ft ri 

d d « 

* PR 

d «% m 

«kl ri I- 

O #^ Jt 

d in jr 

^ ? ? ? 

o d d r* 

oo «o o 

o do d <n 

% R 8 



W S 8 S 

d rj «y 



^ Ok 



I I f «■*• . ! 4S 

l8 fi l .' e ^j B^ «.«'** *^«5 -5 6 ■* 

-: £3-? ?>' f, •«» «iS5sVs s* 1 ?^ . o 

* » |«i°«o^ .g? 6K S^,:: P .E.; ,*:• ?«> - 

i I w ajfi^s^i S3 ^2S5?.r^ SIS 125 .3 



-279- 



CM 


© 


^4 


'* 




* 




WO 




d 


HO 


d 




d 


OO 


& 




&» 


a 


3 




S 


V» 






•*© 


d 


d 




d 


d 


h 


d* 










3 


& 




© 


oo 








d 


d 


H 






s 






* 


53 






do 


d 






d 


do 




• 


*\«o 


r» 






r» 


#*» 


Ot ■ 


H 


«\H 


-» 






-a 


-* r* 




O 


«4d 


d 




•• 


d 


do 


















5- 




»3 


3 








?? 


ft 




oo 


d 








dd 


H 




<4d 


M 

d 








3 
d 


•» 
















3 - 




g£ 


& 






a 


*3 






ho 


d 






d 


do 


















2 •"• 




S^ 


*? 






.. * 


o o 


ffc 




H© 


d 


d 




t d 


Ao 


M 




















«\ 


» 






4D 


«oao 


H 




v\ 


H 






«-• 


HH 






d 


d 






d 


do 


0» 




§* 


o 




u 




v>« 






j»d 


•4 




«• 


(« H 


HO 



CKH 


o 


HO 


d 


m 



O 


dd 


d 


^ 


O 


dd 


d 



3 8£ 
d dd 







8 



5 



s 


fc 




Si 


* 




s 






flt 


tt 


•t 


«m 






s 












58 


•• 


Jr 


8 

3 


t 


* 



■ — 'O « ». > ♦> i o £ . %. g* i? 1 no 






■Si 



h « «« » ^ *: Sa to vj «o *i cj *J ej *J t»» trj £ ^ l\ 4; oi •< •< X X 



-280- 









*fr t 



• >> 



r 









5 






t * 



? r j * j 



p § * *»« s » ; 

r. U • 3^" fj f« t 



5 
i? R § r, !; i 






? J 



S " « .•* — 



3 
. 8 ,*« 



3 3 



«. * s I . 



*»*- r o n i*. 



. O. O. O. (V (X «9 



« bf.h . . .~ . . . .« .» .*• .° . 

ft* &fc.ta xxx XXXX X x X x 



cxxxxxx^ 



-2&1- 



8 



* u 

t - 

fc * 

• I* 

* . 

fc t 

t „ 









fc fc I. fc 

•• O > fc 

fc * fc 

fc fc 



a 




a 


SIX 


M\ 


d-» 


3 


'? 


«i 


(U 


•4 


#5 


fc 


P 



d 



CM O 



I...!! 



"3 = 3? „ * - f •* 





-282- 



9 






J- 



>* ? * s ? 






.2 IS a. • » •. |S J? 

c 

• k £ £ © *. fc 



S 3 i * * 



iCS 



* s 



•3 £* . .T 



[ «> o 







-283- 



s 

I. 



•a 

8 






ft" 



3 



a* 









ft 
ft 



^ fr 






f« M W 

88fi 



5 

||-8 






1 1 

a 5 



* *. *= * ^ 

» • . . . 0. 

» O. p. o, ft p. 






2 I 









-284- 






8 

ft 

S 



« P 



ft 



s * 






* & 






« s 






8 

a- 



ft 

© »• 



* 5 5 
to „ 



A 

z 




-285- 



tt 






S t 






jf!l 



s*3 5 



5 S 

I I* 



if- 



5 






j t» « o « r « 



j o u. at 






I §ifi <m 



o t» u t> ucitii o o oo 



-286- 






n 



8- 









A 

t 



u 

S s j <i c i n « 
•* *i *. *> r i. r r 



5 a 



..I J S "g* 

*. (. .:a . © • 

MJk > m > +j f.s". 

O o d n ' S it « 

co § « w p; y £ *j J-; ' "£ •*» 

u »-• «. *» . ^ . ..» <J «J tt <j 






2 «^ 



(iSm . . . . p. K K K fc . . _ ** . — *** w •» *-" 



-287- 



i. 






t * 



i- 









! i 



% « 



2 6 






•8 

.ss 

S 2 3 J 

k o o • 

O 0. -< 



3* 



(4NM (.« /; nv > il <t • V. », 

p. r». a. »j t*« •.» •»* •-- r. i. « -^ 

b Qim h w% ta tj 1. r. #n «j 



§i 



-.*!..!♦» . «> L.- v tf .-. f. M t. 

3 r., n. t a. m .t •.- -^ r^ ti o~ « 



It** 



5 

.1} 

f*3 






t- 1, *» 1 



.3 
65 



5 t;' ss* tc &i t{ ii s= t£ ss fcj tx as' v^ sj W i^: ai 



-288- 



t t 






St t 



t * * 






I* 

> * 









• Co- 






^ . »: {n 












?.S2x^5|i 



«i «i cr 



gds 



;£.'»« > vl ^ ■: 



O •-> 



te *s ?* «s st r? 



t». I». u. 

I tj .-ft 



"* to r -J £ *3 . j J «" v' « 
q. ti r.. «! r.. 4' h."i *<i -n 



-289- 



§3 



* S 




"};.'*|J:«|- 



ftr^ 



J- 



-290- 






tt 



d 
d 
d 
d 
d 



5 
d 



3 BSE 



3 






. £ £ w ,£• * * =*• * • ■«* * ■ *. ^ *fc >. % *. 

w ^ -.5.^ 

.v fc — £* 2* ?* *- "• "■ r * <*• «* f* *>• «>• r 

ft. K m ^ ?i .^ .*? 3 .? /j * « ,3 « .<-• •* ,»* " 

i T, U - •£ V .§ ..? .? .£ .J .? .? .* .$ $ .? J 3 £ .$ . l ] .*] C *; i 

it* S tu k&kihhkH^^hhHBh^^hbl 



o. r>. p, 

tt M K 

': r » .J /? .*? /? ,H ,1 /* 






-291- 



» 



I- • 









l! & 



ttt' t 









r 

o c 



•35 

PI 



.11 «» <> I 



-' « £ " »•♦ \> :%. rv. . »> .* j 



p3£ 



% B~t 



n * fts t*. »; *i »s ^ 



t# U <J \! "vj -J; "J: v'.C. i 
— c 

: "=s s: ^; fej *>t i~*x. 



5.3 

9 .~ . . 

S k . S |j 8 J 



5~ £ 



-292- 



* * * 



I, 



I, 



I- 



It 



© 
o 

J: 



. «• * h h 



wo* 

© fa 
© fa 



iiE 



; i 



S -2 



.3 l 



•g 5 o 

a gs" 8 •* .* s a 

***** * *1***i* L 



1*8 o $■: 



5 * 3 • J- 5 ? ^ ? £ £ J> !> f> ij< £• £ ?• !> & 




53 2 



-2». 



»fc~ 



t * 



* .. 



* 6 





V> 












t 




s 


t 




*- 


5 




£ 






fcir 

! 




• 


..* 


I 

• 


s 

iPr; 

p »« M 


I 

•»» ••» %» 

833 


s & 5 ? S 1 IS 

'4 33 V? «« * **.S^ « * 

^Jig .*.•£ .ss .s .s;n a->; .s. 


sr tj a «-i > 
u £. «• J ^ 


?? 2. 

St: 5 
«. *> %» 

> > > 

h j.* « x r »» 
o»i •- ;:•- ■ 
/: J 3 • .3 3 


H 


t J *» *I 




K-. <* «"i*» 


«r, *» 


*> 


*» *}<<» trj 


*4 <r» vl •<! to 


«>«* •> 



-29U- 



8 

i. 



ft 






d d 



8 g 

? ? 

d d 

S «° 

d d 

* * ? 

d A A 



* * 



rl r* 



* 



l! * 



, 14 & I J I s a* * ! f £* 

^SjiffS-'S?*^?'* tags,? I 2.J fr* 3~ 

^2^.-r^««ff |^;n|| ; ^ . s s 5a 

*(? fe? «^ r« . " J-*» . »> A t» . . "* - 



t .*? ?~ V: 

I g» |fi |S 



-295- 



t t 






ft- 



* * 



P&B 



•! a 



•:•? 



?l 






J km 



•» « «j « 

's fa tut 

« * 5 






5 

JJ o « 

Si -^5 



8-3 



S3 



o o p 









SS j 






-29&- 



c 



tt 



si 









i 



r 



►-if 









!ll|5,SSsl5 If 111 &S*'Ip$?sS 



3 ~~ 



3h« 

sfi 



-297- 



2 ?! 

. * i I i 

! U I 
" & : I W 



£ I 






,1 

*■ *• "• *. r. n 

!. r i- 



s 



* s 



' u ■** «, 



« s ~ -t . *«* . gflfis I-7U1-S .^i^^-a t: i i "Jt^n^ « 

2 fiBBA-I^V S^^a".;*^ r«T $ 



I *• ft. ft. 



-298- 



». B 



fcr- 



^ h 



t 

2 3.?^„ „ 

Scion iC <CaI<C «C«CcCaI 






&7 



*E 



~ i',3 



S 54 



II 



SIM 



5 -5 



1* E 



V k- — • tr..v O 






Hi 



3 II 

% v x * 
«5co to 






it 

§*•§ 
> o. *"* "S 



-299- 



£ « 






5 . ? 






*4 


«S 5^ 


r-i 




S 5 


d 


Ok 


* * 


& 


M* 


« r> 


«4 


B 


m> yo 




2 


2 8 


fc 


#4 


« £ 


d 


M 


S « 


J? 


^ 




d 


5 *• 


•A .* 






©» *- 






S Z 




* ^ 


£ £ 


d 


ft 


3 H 


* 


«4 


£ £ 


d 


'O 


3 « 






e £ 




fc s 


* 




a ft 


d 



s 


S * 


«i 


■4 »4 


S 


?• * 


d 


d <w 


9t 


8 PS 


d 


«id «I 



V 4 in o * m „ 

a (~ o \c oo o o 

d r4 d d <H do 

? * ?2S 3 8 8 



£ 8 R 

d *i d 



CO 


•Tk 


tr».s «o 


-» 


d 


»» 


si " °" 


d 


® 


o 


&2S 




d 


*> 


»°° 






rt 


8 




* 


f^ 










v\«o 

O ri 






A 


SH 






3 


O 






A 


«\ 


ri 




d 


« 
^ 


R 


3 


4t\ 


TP«J; 


S 


d 


d 


O <-«<4 


S 


sw 


& 




£ 


do 


d 


o<>>o 


►^ 




CM 


O QtO 


8 


d 


(J 


*4«4 <•] 


CO 


** 


*> 


CD CO *H 

M 01 OO 


a 


do 


d 


old <v 


a 




8 


83 


V 




«! 


«° 


d 


« 


ft 


Sncvi 




d 


•^ 


2o 





& 8 S 

fc» SI" Hf "3 e .5 © 

d «■ d 

? ° 

d d 

° s 



a a 



s * 



d »< 



lit ^ ?u fe ' "silfi 1c I -s I s 



K •* 



1 I Bai::'^^ M !«IR«iS.s&2;L.s 

h *:»« o t» tfuoo «.,<o 0OOO c? S 65! >: ^ 



-300- 






33 r a 

V>0 ^ M > 



? l& 






8° «: «," 

3 3 8 

; S * 

•I riO *00 «t •* fc 



«* no 

•^ #*d 

3 S3 

«\ cad 



S gc 



%© d 

s • 
a 2 



no d -» •• 

£ ?5 fc 

• * 3* 

s si 

R * 



8 
8 



•3» 



d-» 



8 



a 
fc 



t* 



o ** 



Ok NO 

R & 



-» v> or* 

t- -» MO 



8 £ 



j 



^OO <M • 

»\»4 «i 



5?3 
do 



R 



1 - 1 ! 



§ _ 



°3 

2! 



* « j£ 3S » 



*J1 



«* 


5 


§ 


2 ^ 


~ **« 


£ *b 


K^ 


5 


• " • 




v: ». J 


o Jl 


K% J! 


S .H 


** M 4 * 


.',1 Ui *> 


£ <o 


ii! ft; 



-■» 

3 



« 3 



* u 



I 5 S 

a ! i 

i; O «> ;•;! S 

•< 'i x x 



-301- 



3 
fc 



t t t 



ft 






Is 



If fc v 



* i;. 



. * 



i I 

* pHrf 



J *~ * 7 g .2 

55.9 w ««« a a a 



I ! 



"f £* •& »: 11 q w : t» #5 -■» 

► ► ► gig -8 .si--' •**"**■* 
a a a x~pj.1l' 



«~ «- o *k. o m; o »: ' L " w *' .1* .!• .v .v .v 



•<*€•< "K *< X X X «< «< «< 



•"C'CXXtXXXt**^ 



-302- 



3 



e*4 



fL 9 



* * 



i ! 



r 



• 


o 


• » 


• 


e 


? 1? 


h 


o 


* Hu , 


** * 


«• 


* V » 


t t 






& fr 




* fc 


It fc 




a 


& 




t t *t 


* fc 


I: 


^ s t 


t t 


t 


o *fc 


* 


* 


o 



© 



•4 © 



© 



N 

«• © K 
o«w © 






58 *fi 



♦* Kit •. *> .n »t ** 






v -5 ~ J 



JH * 


K 


~ 


•> 


25 « 

> « »• 3 


38 .* 

si 


w 
♦» 

s 


J 

9 ". 



El lit! .«»*•£»«'.»•, «— • • K . . •*:£? "' Bv! 

• I. ~£ ♦?— to » S ."JM * * sJ > > > « a £"£ V « * ^ * 



-303- 



s* 



fa 9 * u u i 



$ 






5? 



r. 

1? 



«* © »• fa * i* 

* fa Jf t 

fa * * * * 

* fa * * fc* fa 

2 Jr t * tu fa 

»< •• J? S>i. «. 






& 



as 



& raws****:* 



b 2 



-<; : 2 - * *• ^ •* 



*xi J 






-3<A- 



3* 



% 


s 


*0 




tA 


d 


ofc 


to 


? 




« 


•- 


m 


<4 


M 


• 


\i 


«% 
.* 


« 


f: 


ii 


A 


•4 


S 



s» t 



i. 



* J: 



» * t 



HI » 



v> 


& 


* 


•• 




d 


d 

5 


d 




H) 


? 


* ? 


? 




d 


d 


d 


•* 


*0 










M\ 


* 


8 


*> 


£*> 


& 


* 


U 


t 




d 

8 


d 


d 


rl 


I* 


.* 


* 


* £ 


<> 


d 


d 


d 


5 






fc 




d 


d 




«o 


| 










ft 


8 




fc 


HI 










c» 


o 




. .» 


01 










8: 


Ot 




8 



^ ' 



• If 



* 


Ok 






£ 


t 


HI 


HI 






.M 


Hi 


«4 


I* 






t 


oo F 


t 


d 


J? 






3 


8 


8 






* 


d 


d 


d 


fc 


<M «. 



2 t 
15. « 



.5 + 

g ~ 6 . - $ I. ■» "5 

.*_ .1 S§| * .„ *l | I | * 

&vz & . 2 „ s .... ,i i?s . %: h. a > ^ 

*» *r M *"!:•« *■«"• v *x» ■*> *i b »i 

5«.-*^ •,.*>» * K*»» *• i e m n «j »i f* ;» * -» • *> m H «J 

•»- Vt !-♦ r? .1 . J o ». .i •» »j -j '. *j m «j •; .v.- «. :■ r. •. :< ;t .-. :l ,iX' 



I! 

25 



ll Silo »JtJ«J *iO <»Oo <S &<*£'<* O Stir'td rj o*S <> « 1 »ftI«<C 



-305- 






2 * 






;t st 



r 



5 » > 



5 ■ 



o o» I* ► *, 



£ 
3 



5.. 



3 

© It 






•4 I. ft 

2 * I: J? 



> 5» 



t * 
* 



O It 0>« 



'5 » 




-306- 






.. fc lr 






s 6 

* 



s * 



* *t* 



s s 



S i V -r | ... §■ 

2 .* . JS * Zt\m . J! f .I* fij| . 

1. &. .i i. •=■ s. % 



5* * * 

- K, 



I & Si, 5 

I ? -a; & 

■5 •" I-;: ,5 



*» ' • • £• L 3 > _ ■ — > ». t» CC l< 4* M > .* *f • 

♦» « s» • m m h © I ~ -t r I !* »* X * • tl • I I" C >. ,-t > 

© P * n ►» « nr»^*--^- i « t>^» •»« .h % *, n « o »-2 Ja ili» : ;■ * 

w ll fVVV I -1 r :• •* «• vt.MtOMwu ti <> <> *i r» •* t". j 

2 SHE *?£? IT^SIS "! £ ^*": *! * IS "I* lfc '^ i!-^g-*- ■ (!••* ;. -.• 



-307- 



3* 



o 

ft 



* * 



i * 

I -ft 



« 
5 



** 



© 



* * 



** 



ffe' 

s: 

ft 



* ^ 5: 5 



J: * 



• *• 



t s .. t 



5 

♦» ti . • . rl 



pug 

>: i* « 



£ 5 



5 L- '"J » n ^ 






5 «. * 

c» ta €.•> <■> ts ''■» vi e> 



2~s 



> n > : 

5 3 2 2 ' 



:~ s-i'K* 



iv.Sv 









-308- 



r 






J * 



s 
6 






S 


fcS: 




* 5 


* 




s- 




S: 




J: 




•■ 




t 


fc S fa 






i* 


*« 




* 


£ 


t 


fc« 




h 


& 


-S 




* 5 5: 




It: 


«4 


t 


S 


? 


-5 




• ** 5 


* 


!S 


%o 


















fc 




t* 


5 


© o 


* 


Sf:© 5: 


?* 


« 


r4 




t 


* 


fa o 




». & 


S- 





i - 

* 


t fa fcfa 


* * 


* .. t* 


3: 


r« 


s ts- 


t * 


ft 


> © © 


- * 5 


<H 


•• 5 © o 


*S:2 




a* 



.309. 



I* * 



* fc * 

* * * J: 
*fc * * S: fc 



5 * 

? ? * * 



ft 



v it 






"9 












••1.2 



s a 



fife- £3 

4* I*. * 



25 









;• u £ v : * 



T2 


2 


& 




8 


& 3 


s . 


M-S 


•SfjO 


w n 


ii 


•H! 




• i. . 


c V 




> c- > 


^ 


«i r 


.3 '.•.I 






* ** ** « 



•i'j. *>•£ « 

>s *t ** *e *s »s 



-310- 



8* 



t t * 






> o t* © o 

Jf o i« o e 

£ b « © 

* s • 



5b 


fc 




* 



X> O 



> u 




**"«: -i **:; 



: & ,; z 

» J4 Vi *. 

t C «i *l . 

" S3: 



f? 


-5:3 


8 




«<"» 


5 




.*» • 




•-. 








S3 


3 


i£ 


> w 


£ 


t W 


.5 s * 


J. 


s3 


..t'V 


n ** 


xy. 


"«i? 


J ** 


:• S 


afl 



;{ i^ t'.t'.ii{ pi si tl H 



-311- 



I* 



5 



& 

i: 

I* • * * 

& 



0* 

B 
A 

$ 

H 

A 

% 
© 

o 
It 

? 

£ 

3 



•2 A 3 « 

" « ,» ^ <r nrl.l'.JM'l^'n «» . -» .- . J ^ 



*.« 



2 h iiu ^ **-» -^ r»i f *• p. p» p. p. &• f . r*i p. n, p. p. p. .>. r. p. f-. r«. 

,J •-! ^4 M t» . « tt t» «■ W •!»»:» 1» «• «8 • W «l W *»•>-*.»«•.»*. *» 

5* . ?i ':"*•* * .,1 3 % *\ ,1 /J .1 .!? ,L ; .<? ."* X .'', ,'i ,^ ,'; ,"• ,' J ,'! 'I .*! M 



•^••i::^ 



J! «> li . 



£* 



?£ 



-312- 



I 3 u * * 

SSa fc £ fc * 



1 5? 






tut 



u u 



ss 



g IB.. 



•• . 5 OT 2 g 



* H 

w t: * 

* V* (' L* 



g 2 S» • r,i ? 



.5 3 

«* « « »* » 



: t. 



Pi !|,;.<ll!J^. , !.. , !SCS , i !. S'\HSr. 






;• :r r a .' !• 






"ir .»~» .(i •> «» »-» t •, «» v.* t» li it. ti - ;". .*! a • f» *' »• '- J* •■» «•.» fi ii 



ti *.s s- i s ;- ic >. '-. H :-. :-. ^ s» t; %x '*: it *s *i *s * 



-513- 



!* 



1* 



5 * 









So 

»t > M 

h £ fa 






h 

«i i* 

5.: 






A it 

*o It 

CO « 

o S> 






* 3 -2 | X 

^ £ ~ *3 o 



. . .„ I »^l S.t . 

n St m •! is ••• E > o > I, p < cr« , t oi vp : • *p o 

|.| ♦.» U »} .1 *.• ••» ••» V V J y t, V. 'i •» «• « » w "• w »•»« » ■» M «■ . U. 

[•I ►* v»* *> •.» .; «j »»•«• -j ^~ •.-'•- • • *- " »- «« »• - " ~ • 



a 



fi?r;'i-.!. 



•1 'J «i *1 «1 't 



*« ii to M *s *l fri *-! : s s^ s? ti s>» »? *; »: '•<. r's "£• £• 'i: V: ? i »'«! t'j V- i*i V«| ^ oj; «£ 



-31*- 



SS 






» * 



I* 



* 2, 



i: 



tu *t 

o 



5: * 

5: u t 



5: 



to ?fc 




« s 




& «$ 


$ 


S ?JJ 


$: 


S ? 


£ 


5 * 




% 


S 


$ £ 




S 




« ? 




•. * 




.. ?fc 




** 




$ * 


*« 


£ ». 


*• 






e 'S «t r 

ft £ f .* 



^S* »*.. 



(O to '-1 to v, 



o • 

% «> 

ire 

.SS-. 



5 2 





V. '*> », fj 


° 1! n 5 


.?T ~ ^/S^ > 


• •» ti t* 


Ji -3 .^S 




sss.-v.'ijj-s 


*i*»j "ii *j» *"*gt r» rt 




•> k t. : : • 
v: »r « «t *— > 


*>*•» ••» ••» *-. ». *.- cj» 


«> y • •> «> • y -y l*y 


,'. {>* f !*V :* ?1 I? 


•Ti * ° ft 1» «J £1 .-** *.-! :"•'.« 




1 O . «.. 1 KM in..- 1.. 


;i i, i. 't. £ '-t '.-. 


. "* . . ^ . . . 




to *u «o *o «o »o *i 


to ">> »o to vj 



-315- 



» ? 



« * * 









^ ? 







ft 


« 








> 




•* 


« 












S 


? 


rf 




* 


t» 




«# 


-* 


d 




& 






CO 






t 


> 












* 


© 




NO 


^ 
V 




S 




$ 




S 

O^ 










$ 






3 
«> 


d 




fc 


© 


fc 


J* 










u 


* 

2 


8 

d 


8 
d 




fe 




m 




01 








l: 



s & 





* 


5 *> 




* 


3 3 

01 « 




t: 


Q 8 

H A 




£ 




* 




d d 


* 




d d 



§ J? 



tt 3 



I 
r 












* */• s •! s s n '* ^ '* •* ? *»- r * 2 '• ;• .; ?• ; ^ n. mi? * •; «^im 

• «£'.:•? ^■^••^K.4jJ.; M -i-?r"2 ■?* -I : 0' ;v £ £v: ?/! :,tS 



3* 



5 -i 



fi«> * 



-316- 



.«5 • 



5: fc S 



A * 









♦» w * ?~ ./J > " pi « » " 'j * 









S 




/l 






.5 








5 


o 


^, 






* 


H 


1 


3S 8 


8 


1 


\ 






> 




•o > 


•»» c *" 








-1'* 


v *• 


3 




«•« to 




X :l 


.-* 


w /» t . t* p. 


&s~£ 


j* ^« 


*»s: 


n. 




V ~« 


* V. 




# o 


•1 »• «s •> « 


-» . c i; 


«?»/> 








fVii. *J »o 








s. c> it * o, 

^•m ;•; o s 


•» "*! "a . 


o n 


•?■ if 


£ 


M «^ * tj 


*;< 






i* <» • • ^ *-» 










«..». o„ 


G* <lj 


«J 


£ 


fc 


« #■; e> £ ft 



a 



-517- 






M * * 









Is 

6 



WW 

_;; « ] . * : 

.-. «b ** t«ia fc, 






4* S 

# 2 § 

eft . ¥ 

# | ! & 



*': 'i! 1 1 



iiLibi ci Ci l! lT f.t •.? t.t ».? /! /■• . • . • A> 



| M J» 



i«i <g i-i m-i «u 



fcUl £ 






Si 

«o* C> l> tots £* 



s* 



.318. 






5 5: 



** 









a: Vt ui 



w 


* '»; 




5 1 


*t» 




t 


Is" 





a .,» ... 


1* 


353,? 


H* 


♦• * * u" 
5 -»• 



2 5 




~ .2 


3 ? 




■>- 4 


1 T?- 


.3 U: t> 5 :J ». • »' 


3 5 


.*- .0 JJ . n .- 

••' w w -'••».. - • 


2 > 
-^ 










;<] *ij ••} ;c &'.l -^ 1:1 T. « y y. 
£ &-J sj a£ t'.si s» t ^ r£ ;* 


<- 



I - 1 • 2. 

£ £i *t !£ -j 5 



3 



-319- 



II * 

ftv» 






t * 



* 






I- 

ft 



J: 
* * 



i 



°j *.? =? 



.w c» •» c 



--- — " tt c o { 






S* 



•*~ • »* L » «> fc 3 .1 ». JJ r c v . « *> 




5 * 



«J r» «* 
r x a. 






sr 






-320- 



3 



8 O 



s r s 



i- 






S3 

h s a 

v> i- 3 

H SI ^ 

£ 8 



so 

o 


r->oo 

r- O «r<v 


ft 




i? 


S 




d 


O O O 


•4 


d 


A 


d 


d 


•- 
0-i 


*> 




«i 




?1 


s 


* 


d 


A 


d 


d 


t 


ft 


•h 


r* 


o 


o 


« 


to 
o 




?; 


P- 




d 


v\ 


■d 


d 


fc 


d 


d 






8 






J: 


ft 


8 


CM 


d 


a 


C> 


d 


ci! 


#4 


d 


© 


a 


e» 




CM 
CM 


91 


o 





» s 



d 

s 



8 S* 
A e! 

8 SI 




-321- 



* R C 



1 



£ 


-» «r»«o o 

-» OK\4 


8 


d 


<4ddr4 


d 


«? 


J^^I^W 


o 

2* 


•f 


-a d«d 


•- 


rt «-«o 


v> 


d 


•4 -*%o 


A* 


o»- 


33SS 


«n 


r<d 


^do^ 


•H h 


•rxcvi 


»j^r-!irt 


£ 


do 


HO«» 


m 


v>\o 




o 


oo 


*>d«4 «n 


oi «, 


P3 


QAIIAH 
«0 CM CM- 


0-A 


dd 


CM o<o *A 


«$: 


?? 




CM 


do 


«^d d cm 


d s. 


gs 


•£ MOW 
CM rl O O 


* 


del 


dodo 
•1 


dfc 


£ 




^ 


«4 


OO CM 




^ ~ 


«-i 




dd d. 


-» *. 



*?& 


i»-»o 

ITkO 




CO 




dd 


cJ-» 




s 


*' 


Oh 


ss 




8 




dd 


d d 




^ 


* 


nn 

•■v-* 


o<o 

c-« CM 




? 




dd 


dd 




«* 


fc 


v> « 
do 




U 


*3 


o 


c*o 

HO 




t 


cm 


o 



»~o 

ft 



SI * 

m 






r m 3 . . 

v i; i. i« c 

Jt>i O o ♦» a 

«fc c fa*" 



«* 5^3.2 S3-, 



;~ 5 



8 






"5 a 

MP. 

o 

"3? 



3 K 



§S' 






-322- 



8 



* a 















% 3 3 



1 1 



J .3 



i i 



? 3 



g 5 >7 J 

»: "2 »^ « : a « — » 

_ 3 pj — :;j rt . ., 



SS 



Ju^lSU .1 .1 .1 .U Jim^llJIJJI 



n: x ^« «« *< ^c v 



x T *>< *< *c ■«< « 



3 



-323- 



p 
p p p p 

p 



r 



|s i^lKfH ill ■- 



8 5R 

CM >4 ©© 
•4 o 00 



fc Ffc P o P «n <J <« 



P c? » P u «. ». 



«n o 



& 8 &a 

*>> »4 © d 



?5 




-32^- 



3 

U O 

3 *$r ? 



to g, 



fcjrjrj: 



5 









fi .< 



5-73 .:S ! 2iafl sj 






■»£*: 



is: 




SuH vJcitloO O o <J o £ <? otioo <j t J o <J cJ vj c>cjo oo 



-325- 



S 

2S 



rS P d d 



9* 



3 



&« 



« 




tt 


* 


£ 




«! fc 


r* 


A 


d 




5 
« 






5* 







O 




a 


3* 


» o 


J: 


CM 




*4 


•x er 


* 




3 


do £ 


CK 




d 




d 


t^ o 


ef 


<* 




» 


OvH 


S 




«t 




»4 


d d 


*^ © 




R 




S 


CO t- 

© © 


► 5. 




d 


u 


d 


o d 


(• 


2* 


s 










d 


d 


d d 




«r»o o 










odd 




d 






<>*<1 > <j*<>*<j'G* oHQQ 



-326- 



8 



3 




s 












ft~ 




• 


t 




* 






1 - 

rf 


»4 


* 


« 


t 




t 






* 


« 


t 


It 






S!-> 














« 




ri 


o 


to 


1* 


• 




Ot 



to u 



I? If 

,5- * 






* *** 



* 5 



I. o 



* s. 



t J: 




-32?- 



§ S 



*~ 



.5 * 






tot 



I 



8 '• 

BSE 

SUB 



S 'IS 

* S I * j 

Jssc I . - > * 

• . . . I S * -c w 

%* p. p. p. o *. £ £ !» r 

His gar':* -a 

t. -j. v v jr o fc >; n a E 



s ! 2 I 

© ft. -S v 

I - I I 

> «r >: « • 5 



*=8 C$ 



4! 5! 
S. 3 2 

IS** 



*» « o t « ju. *i o .* 3 3 



V ¥ *£* f & * - *• *» •-» t. «♦» I. •»» *"* »-» t» t) "- O O 1 -— *t l> o 

~* .;$ *-. ci -,j ;< i, .o «» S ,. t» c .v *. c - *• c c '» r; ♦> »» * • v ;.• x: j? «* ••> •»» ♦> •.» > 

•.» •»» •.« < ^ t /; a « f s » H fi 5 ►' (, r j. t. t. :1 r v :r> ft "i :l m ». m k m w i, 

■ «». *j. e* It ."« O I'l « 3 6 c? W ». *i © OOtlt,t,t»,«,vvKNM «. »j o O © 3 O «H 

© e j» I u. ■ — u: £ o . ~ ^ o •— o *- a: to 

Cb.cT.to* t> to* to <i to to to to to to to to to to to to to to to 



-328- 



8 

3S 









... * 



III 



st; 



11 
J3 

fe-9 



fig o 

S e • • . c. 
r. S P. P. p. p. 

Or a i) to »» 

?• *» 3 ? S 






3 ! 

OS. »•« 

-IT 

Co 3 



•> ?w*» « « o a -.» o t» « H --> ~ — t~ 

•^ 2 J" 5 S '» « .*'*•* *•' • *** s. -» »» — - — - -i c 



<3 tj <i 'J <^> <£ o'-iii £ *~ S; s 



"t o « o ^ « 



♦» rj c «> 

I Us si 



-329- 



§* 



*!** 













t 




t 




u 




* 






* 


ft. 




* 


* 


t 


o 


h o 




o 


* 




* 


s* 




fc .. 


% 




* 


• t 




&* 




• 


• 


• ot 


* 


* t 




t 


o 


rot; 




u t 




m 


* 


.? 




sN 



JCHK 



g « 



2 



S» il J.^ 






.3 



♦» 1} i 









^ *» s ; a; *: *t »ss-a; 



; fcs & fc t; >i t-. s; sx a; 



O *» v- M 

" " " " *"* *** *** 'it 

st s{ t? si s: »{ a* 



-330- 









* 




C 




% 




* 


* * 


*'s 












fr 


V 




£ 




ft~ 


t 


* 








t 


* 






* t 


H 


** 












t 






* t 




„* 


t 






* 




u 


fc 




t 


r« 


S> 


t 


* 


* 


•« 




* 




* 


J: 



I 1 



5S- 

33 



8-* 






S fi S • 



.1 fegk 






* — :: i^ ''V - ? ? 2 






'tj b o" u. ti. sv. u 

t; t; ij fc» S» S« Sr 



• r*. «• c t j. ;j. n. a u.t+.iu 



>**:? 






i*. v :L«. 3 LI £ £ "eJ 
ti :» t^ !* % 



-331- 



I* 



h" 



J? 



• u ? 



II 

g* 



— ? 

»i r 



f 5 f 






£>* 



SL'Ei 



8-: 






4 

1 



: r? .**■ . .'*• s* K. • o 



sea; 



3 
as « 



> ev: 

' ,e w > a? 

:I S a a 



ests;: 



-332- 









*« 



H>* t t 



If J: 






if 



1 -: 



c 



5 



3 

:! 



i ';£& 2 £• s- £■ i e- < 



•2 § .S ,!? *1 J 3 j° « « o o 



:§3S23 .£*« 



J £.*> jj.*\fc Soil 



""J *,-.»•-; ;> 'Z ~Z 'Z • . J V W V t» U {J t' 



■jut 5 §2£ 



o. «■ o. c 

O O 8 1 



$ c s 






-333- 



t » 



S H 



tot „ 



t 

* t 

$ o 



t u 

t .. * 

t 

o^tj, t 

.. fcfc ft 



a: to o 



2 a-d-o 



! 

% 






- I I 5 

• M O «h • • «i 

5:3 * * gt!£ 



u 

9W K 



^ .-: ~ - P P <? ~ y tr -S O « t. O t 



>go:u 

§5 3 21 






-33l».. 






»•► ► 


a 




s 


ft o 


•^ 


S-u 


5t 


o? 




o?t 




to. 


-• 


1.?? 




SofcfcS 











o tr x to « 



3 S < S «., 



fvj \o t- e> <j\ 



„ O • S» _" t .i< 



USE .r:- 



gyp 8-s >: nS S£ i!v: s ci^i b i -1 h 3 U 3 



S«o t» S- ts *t t». I« *s »t is 



tj i ti «i o 'i w y 



.if 



".K OVj«> 



-335- 



R 

§* 






t!~ 



• St • 

? Oft t 

? • .. 5 » 

• o !• £ 

2 ». o «, i. £ 

8"fc O *, £ h 



* u Z 



t ZS 






« i* 

2* u 



3 

t. « 9 5*" 

« <k •» t •*» 



4! 


to 

ii 


5 

3t* 


1 ! 


S 
?. 

s 




2 K 


1 


o > 

1:1 




1 




3 




.Si 


I 


Si 


•t* 


•stS.s : 


rt*y 


•> k I. :i • 


► > 


> 



>: n, O «0 0» tr, to «0 to" to to oi to" trj oj ^ V J vj <£ <,,* to* to to to" Co 



-336- 



s 



fc~ 









£ R 








S 3 


r4 




fc 


P 3 


a 






S * 


«-« 




tf 


& 8 


o 







S 3 


a 






s a 


#4 




fc 


© © 

«9 *> 






* 






* 




s a 








i & 


© 


t 


J: 


3 a 


-» 






A tn 


d 


t 





a s 



.5 t 



ass 

St- y 



I a * 



s 



s 



I I « 



»* .c * - k. 

♦» > i- i> • ~ .T- 

: t* « S ** • « i> « '»?> 1 ( 

; -a :< .-. o .i ». .i v i? v; 2 



- 3 



3i* 



v» -^ *3 *\ w. «> fj t» o 



I* 



X- ".v * l ! ft 



-337- 






Ik 




«5 d o £ £t <S 



-338- 









I! 



"S s 



r 

5 

« o o * 






3 « t / S -' tj ♦> fc > . > 






U 

•r v 



a: "••*•»* 



« tic 



.... *f^3- 

3 « C ~* £ O tj 



\h 



# <s 



I> o w *. n.« tt, ». »o •> f ' & :* «* 
ki fcj tu fcj «J hj < (a £ £ ■£(•!£ 



: w £ •> 3 « 



23 s» 



O t> 



-339- 



§ S 



5 * 






* 

& t 
t 






gfe 



•R S 



8 &B 

Li I- 



U: 



3 









a. *» 

-♦*?S 

« u *. uh «?~|J 

SMI £;~S y 

t- »":•;»•,. ."*j : «s""^j -1 



SS *5 -i Si <5 



a 


a •* 


.3 


V, "S 


•3 


2 * "' • 






. 8 


U 9, 2 
rn •» nv ***** 




•» VI 


J. O o «s u o 


. w 


a o; ti o Vt 


J* i'.'u 


*• . .~.* v 






t: fj ^ 


Z "b .:§*I>S- 

O «-^ ij t. O O » 


£33 




r». if p. a ^j ij o 




•* /-J w *• 


o 


& «C n" a". «C 



-Jto- 



V 



3 

ft.* 









Z> a 






* * 






P 



■V 

^ *• . <' =* *» «. 






I. 



A 

2 



S to o ft. ft.ft.ft. ft.fCa:fc.*4 



o:g 1 1 

«fi 5- 2s? 

fc»»i ^ u: o O 
« £ * w, ** ** 



•."■« 



n 






0.0(1. 



- U 

t<j «o £J 



35 . .. 

i; ^ ^ ti o 

*i fl «0 co 



> O. 
*» « 



2 t 






?• n :• *■ 



S 2 

* * 



-3*1- 



!* 



« « » 

« * * 
PR 



S <3 



5 * 



•0 in 


o 

o 

c 


<* •« ft - 


6 


K £ £ £ 


G 

ri 

J* 
<* 


£ « 


© 


*"* '?" 


¥\ 




© 

1- 

© 


•O w» •>! 




S: • * 




* 8 £ 


•- 


e * 


d 


8 « * 


CO 


«* »■« »- 


O 


CO 

o 


£ 3 


d 


v> S * 

<* M ©* «? 


»-t 
»-i 

d 
d 


g 3 5 « 




&~ & J8 


8 




d 


*i s s 




a a 


d 


• 5 R 


« 


fc * * 


d 


h £ $ 


ir\ 




d 



£ R 



t 


fc 


*S 


d 


•h d 


t 


*? 


*T~ 


d 


dd 






PRS 


to 


d 


°*5°' 


cS 


£ 


ss 


d 


*+ 


©«-« 


«o 
<w 


g 




«4 


<£ 


H»0 


& 


8\ 


£ <<rvxo 


r-4 


» 


d trxd 


O 


J ? 




d 


-» 


dx> 




ce» 


CO <*>\o 


d 


tf 


ri no 


% 


M 
»> 


SS2 


A 


-r 
c« 


odd 


8 


►- 




d 


?i 


d no 



8 ? 

•4 d 



2 fl 



C WN 

r\ tit 



d «h 







P. 




d 


-»* 


m 






s 


n 


*\ 




d 


S 


A 




o\ 




•n 




-* 


oi 


•H 




a 


H 


•-I 




*• 


«i 


<H 


a 


v\ 


»- 




d 


V5 


CO 




-• 


O 


-* 





R « 



o 


o 


H' O 






o 


v> 


o\ 


o 


t! 


«?j 


o 


CO 

o 




8 


^ 


d 


odd 


d 


d 




»o 


JT 


S 


«o 
o 


M0H 
OlOM 


CO 

o 






^ 


o 


d 


d 


odd 


d 






^ 


H 


o 


<s 


o«o^» 

rtOO 


CO 

o 




o 


Si 


d 


d 


• do 


d 




d 


^ 


£ 
-& 


s 










o 


¥> 


d 




d d 






d 


r*» 


a 
s 


•>- 
o 


R 


Q CV-9 


o 


o 


Sj 




d 


d 


i^dd 


d 


d 


d 


j* 


8* 

CO 
CM 


3 


S 


b-'«CO 

flHH 










d 


d 


o\oo 




d 




©\ 




a 




CM 




^ 


a 


1? 


d 


«* 






d ' 


d 


»*■ 


©1 * 


s 


5[ 


ft 






« 


CO 


o 


d 


d 


^ 






o 


tf\ 


J 



1 

-a; 

HUE 



ft- 



4» • «J 

icS^IJ 

"8fe8 

o pi i. o — », .. 

2 S:-,!l. f: •:■> i^.i.V:.-: 



S. <!S 



Si. 









.V:!j6«EU 



:• 6: • «N « ! 






.-•»: - 



*t o (nMO Oct «J<J 00 00 






.1 ? «• 

•OMtii 

-- o o 

i-; »: >. 



-3**2- 





8 






a 


#* 


oo 


#*d 




3 




*£ 


3 


© 




oo 



3 

d 



«r» 


en 
© 


PI 

O 


f»in e« 
©J© O 


o 


o 


1- 




•* 


d 


oo d 


d ». 


d 


d 


6* 


fc 


o 


«-» O 


dfc 


a d 


~° 


d 


d 


•1 O 


do 


^ 


5 


CO 

© 


CO CO 

© o 


* 


* 


CO 




«4 


© 


•J d 


d 


d 


8 




«s 


* 


? 


oo 


**. 


d 




do 


© 


do 


o\ 


w\co 
t»\o 


J* 2 


vo 


1« 


«O<0 

o o 




O 


do 


w d 


d 


d 


do 


ft. 




d 


« <3 


dfc 


-» 

fc '• 
► o 


2 
o 






S & 


a 


t- 










A d 


d 


d 




*» 




*? 


O «H CO 
VIM ri 


CI 


<> 


CI 


fc 


A 


d 


do d 


d s« 


«-i 


d 


CO 


3 


or- -« 

tt\ri M 


5 


? 


r- 




A 


d 


«Sd d 


d t. 


^ 


d 


8 


$ 


o\o 


OOgxO 


o 

o P 




ov» 

HO 


e 


iA 


d d 


«a©o d 




d h 


s . 


o 


COCO 
O r* 


oo e-M 






£3 




e! 


d d 


CI O r< r-4 






od 


s 


ci 


CI h- 


O irvcoso 

HOOW 


"b 

o > 


CI 


ci ir> 

ChO 


fc 


A 


ci© 


j» d »^ cl 


d 


d d 


•-i 


CO 

o> 


cov> 


o«o r- o 


CI 


in 


COCO 

-* o 




oJ 


do 


AoA A 


d 


d 


do 


* * 
S * 


s 


•A 


£?«"»£rOv 


d* 


o 


t-o 


<w 


d 


-s © «"ici 


d 


d d 


f§i" 


o 


3 


fcSSSf 


ft 
dfc 


*> 


33 


#o 


d 


404 CI 


d 


d d 


«■« 






HO OJ ©» 

«r>w o F- 


vo 


f4 


o o 




r* 


d 


t4d .-« A 


d 


H 


rid 


o 




tf 


S 8 


o P 


-* 

r- 


£ 


fc 

H 




#4 


d cu 


i-J 


d 




a 


« 1? 


At 


V> 


~ 






r< 


•4 d 


»•« 


d 





s 




♦> M 












1 S I 

•.J O >. t> q x 

o. ri o ^> r» «i 


8 

F O i» ft. 






» 




p 5- : ^o . 


u® 1 ^ * 


X J 


S 

« fi n: 

Sufi 


1!. 

*« O rl 


«< 






ex:* 

vs.* 

*'* ,/J *& 
•!i 1* *" 

h; ft- 



£ 

R 



CO 
Ok 

ft 

r< 
CO 

3 



X 



t * 



2 - - 

1 - ** 



ii 


5 


. i 






*< 


\.\ 
ft. 


•< -* t •« 



-3*5- 



t t t 





* 




* 


* 


1* 










* 


* 






* 

* 




* 


•• 


fc 







* 


fa 


* 








fe 


* 


* 


• 




m 




IS 


«• 




* 




H 


fc 


* 


Jrfc 


e 


o 


t 




!• 


* 




* 




8 


* 










!■ 










* 




rl 


* 
























El 


1* 




* 


J: 




• 




t 


* 








1.. 


fa 




t* 


* 
* 


I: 


• - 


* 


fc 


fa fc 
fa 


* 


J? 




* 




* 


* 


• 


m 






fa 








r< 


* 




* 


t 


• 


• 
> 






$ 






If 


4D 


* 


* 


u$ 


o 


? 


* 




J? 


*..$! 


fa 


JJ 


t 


H 


t 




fct 


fc 


o 


? 


•> 




t 


fc 


* 





5 r 



S 

? :4 f*! 



2 5 



§ e 



« q § 

S4„. 

H « « 



♦» i. t, *. 

3~ « « «j 



•2 ** J 



3 T 









S2 .*« .* 

S A ~i „ «' »J *> * ! "•- *- * 

*ii ! s..i.'J<,< 3 V. i 

•.» ^ r ». n |- ~. a; p. r«. n, n. r-. r>. £ 

i *J -i f» *' •'•-*. '. *fi V- «-•*•*«> '< *1 f» 'f *l K 



-* ^t «c *< *< v •< *« "«< — . •< "C •< •< ■< -c -x -« 



J2 w! 



-#*- 



a fc fc * 



I 5 



3 

» 5 a 

•* © d 



© dd 



° © 



«* 




















« 


£ 


5^ 












fa 


fa 






© 


d 










■* 


fa 


«> 









d 


d 


• 
























fc 




t 




e 


fa 


o 


© 










•^ 


























t 






o 

or 


t 


o 





fc 








ii 






© 


fa 






fc 






s 


2 
A 








fa 


* 












2 » 

*« d 


A 


6 






*s 


a* 


* 




o 






5 « 

o d 


d 




t 


fc 


J:. 


V 


fa 


* 


a 


fc 




3 
d 


-• 
d 


i a 




1? 


* 


h 


J? 


* 


«» 


t 


fc 


8 « 

«-i d 


d 


£~ 


* 


* 


k 


o 


fa 


fa 


CI 


fc t 




«* d 




** 






* 


*» 


fc 


* 


? 


**t 


fc 


s s 


d 


fc 








t» 


* 


fc 


© 






•4 d 


o d d 


«-f 








t. 












£ £ 


s 




-3*5- 



! a 



* * * 

* * 



ft" * 






fr* 



** o *• fa 









I? * 



r* u a 



fa - - - 

& »< o o Jl fa h 

6- 



e« 5> ? ? t. o ». £ 

r* 

O Of, 

o» O O O tf > U 



5 J: 




-3*»6- 



a p 



si 



5 



fc 



* p p 

5 PP J: p 

6 ..P h 
If J? 

P P 






P P • P 

• t. 



a 23 

d do 


P 


o *jP 




A <io 


P 


o > oo 




P 


U RS 




.4 do 




i*- r-o 


* 


d do 


P 


*. ^ 




d do 


* 


d d 


P 


51 
d 


51 




d 


o 

© 


o 


**■> d «n 


o P 


£o&& 


2 


(u odd 


ri 


SJ Sfc 


en 


*> d-» 


H 


. o-» 




« do* 


r* 






o\d dv> 


el d 




*T° 


•■J d 


r^ mm 


MO 
CM 04 


« do* 


h d 



p p 



vd o 



I"- 

!3* 



so 



8 t: ri 



3 



2?.« 



*i 



.0 <* «•> 



.1^; 



i: 



* * '* > *' *' tf " " t# 



%' £• £ i' £' « 

• J o. g. r. d. ft *; t 



&&&;;& 



r * fc t? « -cs. - = 

n ^ ^ ;: !; ;t 



,SS 8 



a-*- 



III? 

« :: c y 

o t'. t' t 



-3**7- 






3 



* * 









5^ 


Ok 
M 


P 


h 




u 










*> 






* 




© 


l. 


k 




u 




».V 5- 






•> 


u 




5: 


s: 






? 


t 


* 


J: 








* 


* 




S: 


r« 


O 


*• 


* 


t 


o 


fc 




* 


i 


t 


e 




5: 


s" 


o 


& 


o 


t 


I* 






«• 






i> 


* 




«« 


3 


& 


o 


* 










* 










A* 




e 


? 




** 






J: 




u 






fc 


3 


J» 


o 


»& 


w 


>) 


* 


Ktr\ o 




* 


u 


I* 




•* 


1 3 


In 
Ot 


© 


*.. 


J: 


t 






o 

Of 


fc 


u 






«• 


a~ 




• 


?o 


t 


& 






J: 


J: 


J?5 


u 


o 


" a" 


«* 


* 
« 


o 


fc o 




o 

o 1 








J? 


Kf 


u 




& 




«.d 


* 


tt 




s 


fc 


CJ <t> 


o 

Kf 


» 


S 


© 
©» 




? 


•4 


o 
d 




I* V 




e 




-a- 
O e* 


\ 


5r 


S% 


•• 




fc 




t« ac •* i« 



Urn 



-5*8- 






H. l 



fc 



t t 



fe t 



fc-v 



•i- • Hf * fc * *J» ' 






J .. • A. A. P. 

| 6 %'" 

* i« ♦- *» « «i 

- **. SSB 






I* V . ?■ t .. 



fi 




1 




tt 


5 ~% 






l; > 


c?^»- 






O t> l> <i 13 «A ti ti 15 to 15 <3 tt <3 



-3*9- 



a 



a 

d 
© 



t t 



* t 



5^ 



i - » 



d 






* * 


d 






fc * 


d 






t 


•4 




ttt 


t t 


d 




•• 


* t 


d 


* 


* fc 


«.( 


© 
d 






* 


d 




* 


i. * 


? 








d 


* 


5 


* * 






t 




o 


* 


e 


t u 


*> 




• 


t J:* 


«i 




• 


* 


-• 




» 


J 



tt 







3 



-350- 



t t u 






fe^ 



I: 
- » *** * t 

S .. tr t * „ t? 

.. S * « ** t 



I* 



* * 






U fc fc . * ** 

* S . ** t t t,* 

fc fa £ O >. £ fa £ «. t So 

* * * .Ufa 




-351- 



s* 



V 



». 



*6 



55 5 

5 
5* 



5s Sr 



a J J 



55 5 
8:5: 5 

*5 5 * 
* 5 5: 5 

5 5 



5 J: 
555 



SZ S 



5 

J: 
5 

*• 
5 
5 
5 



5 5 



5 5 



; 75 I! .a 



S. S 



5: 5 

5 5 

5 



5 5 5 5 
5 
5 
5 5 

5 55 

5 -5 



I 

& s 

.5 ? H 






• « ri r : 5 £ 5 - - *?--* v>; !--: * * »i :f *j ^; J; *•: :; ;; 8 - «* -• . - * * 5 * - r-- s 
2 ■ but? *•*•»- r 5r i- <i -; it t. '-- V *»: . v " v f* : - *j - •" *-" > 'i m C :-> £ •> v *> :^ "2 ~\ 



-352- 



1* 






Z* 
*« 









I 3 
ft 



3 






* 
t 

fr * 



• * o $ 

S * 8 

Z t u 

? . Z 







-353- 



V 



¥ 



K 












d 

* 

» 

o 
d 

•4 

$ 
•4 

«4 

"■? 
*4 






** 



* g. 



* * 






d 



fiSi 






3 



V. h lib. i? *sj *! .*» {• *» f > * £ »» *J «J =-; >i 



~»oor> oi".^^ 



• p. n. n. ix, o. r. i 



as 



•!i ..*.' .!l .? 

J* .'« j» ii 



a 



-35*- 






* 



* t 



.. So* 



5= 5= 

S 5 



* £ !: 5: 

* .. * 

5 5: 
5 






.5? 5:5 



». S& £ ». », 



So 



«« fa 

* fa 



* -5? 5: 
•• * » > 



3 



3 



i S 



V il£ « "•*' -*' -^ -* ? •'"' " 



i I 



I' 5 P $ : • *• £? 



f " fine 

> «j o 

r I, « • 
*** 



A O O «j I 



• 3 

; y. * t? 



• . « .c r- a « 



2 j="— • jt 









*~. ii i-. is :-. >.S;V::; 



«•. S-. i; i; t: »• «: a* 



-355- 



3» 






> o o 
St 



d i. 

•4 

1. 



* 

* 

* fc 



?* 






•ft 



5 d 



*S: 






»r> ft 

o 
r\ 

OIJ. 




-356- 



I- . 

«3- ft 

ft 



ft ft 



ft ft 



2* * ** ft 



ft Sfc 



- 5: 



6 

I- 



Sft u 

• ft 

• ft 



fc ~ S ft ft 



ft ft 

*. ft 

.. Is 

£ ft ft 
ft >. 

ft §■ ft 

ft ft 

5 



* ft 

O It 

» Sft 
• 5 

o ? *• fa ft 

I. ?ft 

ft*. Z$ ft 

o ?ft 

oft & 

S ftft ft ft 



^ 
« 




-357- 



■I* ft 



6« a. 



I 



■•* s 



3* * 



.8 „ 



4 

ft- . 



£ 


i? 






i 


m5 
-sr 


•j 


jr 


o 


^t 


* 


ii 


a 


Si 



S IS 

8 8 

* 8 



£ 8 









© 
8 



** 



I 



X 






t £= 



| 






-358- 



•a- 



*-. 

ft 



ft 









* & 



ft 

I-. 

I * 



t t 



3 P« 
2 at 



5 I 

* o 

6*5 5 






f i 21 1 

*y --iiS ►•.:,: 

n* $ „ ?, Jj :■: ijp 



!rj??s?^-jr sv 



J2-S" , 'o-*.S-*' 



«j 0c» (j 



3 




3 










«» 






331 


«J 






3 




3« 


> 

•> 

? s 


CO 


w* n. p. ft 


•£ • r « ? 


?<" 


»*! T 


% 


♦*; it »> «» «& 










jiI.'fiL'it. 

** *; ^ & >; 



-359- 



ft 









** 

** 



J: 



?: « « 



fi 






as *« 

fcj'fct fcj bj fcj la ii" £j u'i i.| fcj uj t 












Ksi~. 






J9 ™ 
-•"i - . 
j' *i > 

\ 1* 

o a; ^ 
> B J, w 

• •) o «i :< i5 

«-' « 



!*' 



■SoT 






-360- 



* * 

* * * * 

****** 



** * 
* 



:•: to m 



I 

•JO 






I 

3 I 

"5 ..5 



i 



£ 






•a u u 






£ * ^» 






<*. 






Ki 



S 3" 

jrhiS 



j» •> j. « . 

*J O '* ». «J 



h 



.361. 






t 
* 

t * 






• 



nlln 

fens 



r 

I iff 



- -3d 

*3 



:« 









w ^1 






li 






Sgf*I 

r 3 



»g „-* 









5 



n i. :, o 



fc "G <; - *• *' K V* !• 3 **•• «• * ?i t. <>• ' 1, it.-.' ^ •• •* ••» . *■ •• • 



*2 

*:' ° 



-362- 



« *. ^ 

1 o o 

^ 2 * 



!«* 



n 


? 


5 




« 


d 


t- 




£ 




*> 

-» 


£ 


v% 


£ 


«n 


m 


i 


-a 


c( 


a 


S 



« 2 2 8 





S S 


fe ~ 


$ s 

R i 


r« 


£ £ 




2 R 


«D 


« fc 




f* 5 


fc*> 


•r* o 




P 3 


«rl 


w ?s 




s R 



oo 



S 8 



gg 

do 

PS 

•4d 



ft S 



oo 
do 




*? 


2 


oo 


d 


gg 




do 




-» 


«•» 



8 R 



© o 
d d 



P R 



s °. g*{ 



•PBO 

O-s 
OH 

O M O 

odd 

NMM 
©•HO 

odd 

©eo 

r* CI • 

OO 

d d 

O «no 

odd 



oo -* 

ri 
©»-« j» 

HO «n 

do >A 

ft 

O O r4 

OO W3 



oo «n .» 



3 & 



d «-* 





«< ♦♦•■J i- v t. r ":'■•»: " -J5 ? J: •?;;-. J r -- 1 v : V *> <• • ci ». • v :n v . 

!') A • • • . . .... ° *• *» •'* *> •-* *~* o o 

o oooo oo oo oo oCooo 06* £ & £ >? »; 



- 3 63- 



I« 



58 

oo 



3 * 



S3 

oo 



£ 



h* 



OvO 

d d 



5t 



2t 



o o 


o 


o 




o o 


d 


d 




Ok Ok 

o o 


? 


J: 


s 


d © 


d 


d 




tf 


?> 


s 




d 


HI 


-» 




.9 


2 



.J? 




£ •: £ 






-36i»- 



fcy> 






8J fa 5 fc 

St o • 



Ft****** 
S * * t Jj J: jr 
• * $: * j: 

5 * fi tan 



? * 



t t ? 



22 






:52li 5 



.3 



'w 3 H*- 






J?** 



P. n. &. p. & 



;•: «t a 



h •< -< *< ^ 



K -C X X -< •? c -< •< • 



-365- 



t t 



1*2' 






h fe ». 
* « 



t •. 5 t 



feo 



8 

o 
© 
© 

o 
© 



I 



■•■• 

III 



....I 52 

• _ o 5 *^j . t, 

: -. k v tj s « :i > 



3 . 1 If * 

e a "s „• .• _ « * 


X3s5 


1 

*> 

• 22 


u ft <« 1.1 £&£««£.£: £• 
. ~ . ^ . w . . . . f i- a 


«5 § A : 
a"*-' ■ 

r li ^ 




<S4! 


X 


*<*« 



s- 



-366- 



L 



P O fa J? O f. 

i. 5 o $r ^ 5r S- 



fe~ 



fc*» 



** * * 









J: * 



•5 S « 



is .~ i i 




-367- 



3 

sa 



•4 

s 



5!- 



*?«.!.«. 



o 
d 



3 © 5 






•* «. fa 



© * * 







4 i 



T3 « • 



;> p. fi. P. f«. p. 



O'G' G # £'</<? 









s 

•A 

9 rt '$ m 

? .2 .* — 

U. T\ ft «» 

. Li: S 



oCjfiO Ci c» c» rj 



-368- 






8 



8 

o 



8 

o 



5 * 



fb~ 



» $• 



fe~ 



So 



5: ? 



8 

OH « 
O • «> 



J: J: 



fa >• 



a> fc 



fco 



to o* 



S * 6 fc«. 

* > *3. 



* * *di 



5 - 
«»« a: 



-* i* r 



£ ."****? 



? £ s 5 s 3 

V C t. 'I f. % 

1 ikn a ? ; 

i c ». »> t : 



l i 

«J p. •.» n <t 

S a ?; H; 



I 1 3 3 | 

• 5 • a 



fv, h, U, U, 



73 i 

h 3 3 5? 3 « * > -ii >• 3 3 *<! 3 

♦j t? :r: y jr. *j a: -J [7. •" 

»«. J..'/j i*.o t. !j a i. S 



h. U. U. f., fc. fc, fc. fcj 



y t t — *« — . 



X 



• K' v. >;• x * 



S3 



$ *- 

S 



-369- 






• 5 to 

». t t t 

of?*, u 



*? .. * 



» u u 









lie- 




.oil ft . ezz v* .~ .*:*;»":." ~~ — « ----- „ _ 

xto« fc. t.. fa. t; ^ o to <;» to o to to to to to to to* to to to to* to to 



S3 

L 



-370- 



fftS 



&«> 



f: ^ - $? ^ 



* *. 









© 

»- 
». #4 



fc ►, ». 

O h U i 

u * * 



fe * 
* 



t? 



c" £ co « 






-rgfig 



# 



O o o» <*»»- 






£»•?■% » • * ~» :ti -i! ^wi.^ 

** r! > »• /; f .* w .* *: G *: > *" - - ^ . 

«— :•* r. .* a. *- p. p» • - d • • • > n r.. >■ « :• <► .0 /? «-'•«»? 

r *^5C * * - • o K " « > £ r ^ -i * '* <?• <• p:& *-3 -S , , ? * J 

5 ? t, s * m m 'f •-* ? ? ? * * ' *.: _ 4 j ^.3 „ t: *.: " If ,'! - > 

«i *3 «i *o t> (i ii -o o :-i *^ »i ^ ^ ** ^ s s ^ *'• *•' s i : ** *^ ** ** 



-371- 



L 



t 



1*5 



Km. 



u t& 

& 

o «• *• t fe 

b !■ It & 

« CO 



t t & I: 

tt J? * * g. t 

l» V fa fa fa ► O' 

»i fa «. fa 

**.,'$:$:* fc *** „ 

« £ v fa & fa ©- J? ► 

S- * fa * t 



KU 



Hi 



g 

I S3 



h 



I, .5 .3 i. »-. .«: 4 . ii > * 



> <n x • .-J «• ,« i? •»»>;. 3 

:»«-» <*>.«< »: .VJ • • r. 0; • n o u« to 
■ *: • •<■» n w »' r «i *> H & b .v < 

S ,SS ft. £.. jv o ;«.*■ .•-•••^1,0 *• <— :«■*,:.: : : w •* « « 1, «> 

» V» VI »< u «. I •• . «, ».• I- X .-f - f« t. I, « i. f <■-. ... -., (: , i- ...•,. <U v' 'J 

K s 2 3 .*: >; *7 1- :: c* : ^ ?j /?/:• .'« x w u z f. '\ x x 5 « L : I-* i? I* r{ :,- r t - ;: 



ftj *• *: »j tx »-, 



Si t» 1- i S 1^ t- t« :• : 5 t- t» :• :• s 



13 

53 



-372- 



6S 



& 






* 


* 


* * 




*• 


& * 


* 


«. 


•• 




«. t. 




t. 


t 




a. 


■. 




* * 






s . t 


It 


a« 




•• 


u & 


* * 


u* 


fa 


utt 


u 


£ 




*** 


». 


t. 


* 


t 




* 




t J: 


t 


ufcj: 


* 


* 








* % 




*S 


u 










U o 


t 





8 






9- -23 






J Ji 9 ♦; n fi . 






1&Z 



5 ^ 

; Ml- sj 



.*/*» '-• till i" »• V, .-,'•{ ». -^ ? 






2 .1 2 



!£ *■ 






S» O >'• > 



««.-• I*, it. u, ct i„i^ ti 



:^.u: »I 3 i.* 



* 2 2 



-373- 



L 



~1 






R<© 






fcfc 






5 t t 

S J: * J: t S: 

? * o * t 

£ fc © » ^ 



S 

lift 



°t J I" 

1 &f He.-! 



.St 



•= 1 

3 2 « 

Hon 



: aeiiC.: .3 
* & . n !r n 

-< ft u: n o 



r. £ 

<» ii'tid o 






». *; t. *. ,, *. f.£ ^ ^ e : i k i ;; t .;'.': «'- :: S «: i\«; > f; ; ? .1 I, 5: if -^ -Jf VJ 

^ ..... . w pi -i ~ a- " * ™ 



-37^- 



o 

8 



3 
sa 



Ifcs 



3 



* * 



* *fr 



■8 

pSrf 



t * 



3 
.3 r 



3 
,3 

I 

J 






f.-, p, p. »., ji. ,; 



1 '» M 

'd 'd "S 



■* . • 



-375- 



L: 



** 
* 






£~ 



So t 

O O ft 



I -ill g 


















V 


X 




I 












j: ««>oo o 






a 






• «. - *s * 3 e - e *» •.. 

• 'S.qc c>- a: 3 «» 3 :a r 
e •* ? ^»:« o - *>«*.*:" 




"7 


s 




..?' 


.34*! -. 




!l 


5 
tu 


?* 


S ♦» ■"♦ 




5 


o*-- 










*"* 5 > 3-S x > 




> 


S'H 


w 


^|^]i^ 


«*: ..WBtJXKfl WtJ-J 






V 


t -1 J. 




•» «««>•..« ..» ». «,.-* «i .. 






.i 


"i o 


t» *i »». 




1 %»■« « T ** •itv.t^J'J. 














it -*i -*.. ~ «» *-* *i »i ** i- o ii.t. 




'- t 


•* 


p"" 


.*» ti •' 


'* ;j .< ^J » *! *^' 



^SlriTsYis * -; ^4^-i£<V^!-£ : .Ji"? : .2.5.-j.K 'i^:'t\\.i k^jn 



L 



-376- 






3» 



C&«\ 






3£ 






3* 



ft*. 



u I. £ o 



^fc 



• *.£*• 5 v *««*:*& si 



© o 

5* 



jl p p si ** . ° . . . ~ ~ ° " .*; ••/•».....:.? .: .; ;J I: 






r 



-377- 












* tun 



I P 



*M 



fa*!*; 



s ;< * - 






fa 



« 2 3, 



..^> <j •., c; •. 



'1^'^: 



ttj V» t/j Vj Oi 0, Vj 



>: > i > «. o 






8S 



? J 



-373- 



» R 



« 8 



fbl 



ft~ 



Sh> 



* ? J: 

* o 



© o 



© © 
o d 






I 5 5 I "2 8 



► ->:? c 

« M « W tl 



' " > -^ 2* ft O "t* » 

-. a m >; * :.: ., ? „ 



< . "J M r. fi ^ 

« :' e '■' '■ .1 



». .-t ^ 



£ t-~ 






3 

L 



-579- 






* * 



* & 
£ 
£ 



run 



3 A 













,3 

3 




ui 


1l 




.ft" 


•» 




»4-~^ # 






♦J > *J 


> 


n 


c «: m -« 


1 




t» ti 4, 






y £ 'C ''' 




5 


'% x x '. 


X 



41 i O 



-0"*^^w 



•3G 



I! * £ 



' P. P. 



K v if':» KK? t 



L 



-380- 



t t 






** i? 



tt 



fill 



hi! 
fit 



c-z 



iKfi — 



dj*uj hi ta faj (J £i" 






8 
6 1 



C9l * 5 

« js — j5 «t 5 « 

& > S _ _ _ 

«j H bSn,i: »» *. t. o 



:s v 



>* •> • 3 

O «) > SU 



?2. 



4S 
£3 



*££ 



s« I 






...... fl> lis S 

J« "i: O ». Si" rj *j -J 



1 



~a 



I - 



-381- 



&*> 






il 






I 



m 






I 
X 

I 

> • 






» 5 



— s -tii 



£fitf < 



r> .c, ■«, •; 



fi .*, 



1» 



;.i:.(N 



4: 5? 



§ 8 5 c? o 

V ~~- '•. •> •> 

a «: 2 f- fr 



S 

•4HN 



•382. 



!&•; 



m 



Sfc 



[5£i 



5 t 



tt 




3 - S * 



-383- 



~ § t 









o «^ 



5 2 



o o 



oo 



SB 



do 






«r> h <h <w n 



« $ 



£ 
s 



■•«(« *\ <o 









S » 



Sal 

r t /J 2 * * -f t 



« n 



« 



s 






4 « 



"i* l " 



£:» 






If. 3 






J} f « ft o 3 .. _ 






fa frt'j'Ss 

- - -■ J:»'i.*i 



• « I- « 
& 5 li 






* t- 



"< X *««« 



'? I- •• v- tij *» u % % * « «».♦- 

« o G I, o o ^'OOC i! i Uo'cjotj 



-38k- 



.ft 



0% \o 

© o 



3 3 



a 



3 



Ct «\ « « 



r 



15 

It. 



*» r» 



3 P 



u-5 



13 



~ i 






!■ 



I £■ 



!*? - * v* 



* 8- 



* 5 






'.OS.? 3 



• » H 



.1 « .*:# 



6 2 



t: 



2 

£ -2 



t o « i 

« sr o < 



.3; 



v «> >: ^ © > 



** (did fcl 



K U t» o <a *> fct o <S 



< % »i r 



J « t> « 



-385- 



- I 






3 3 
5 3 



3 S* 



s i: 



© 






do 



V ft ri r< IO 



«• r» «j 









£~ 






it 






•g«2 



w ~ **•**. 



6 « :c <* 

K .* « ' -«* __ _ _ _.. 

w o > o r ■« u . « ♦» . 

I • « ♦> U •■» •^•-.O ■» t *I U J 

~ i S f! S ? 3 "2 ? .*-2 ~ :i £ 5 " .3 "'^^r^F'^Hv " 

*\ v. \ *~^"£ "'' X^J "'UCr 1 '' * *? "c «H £ -S" ir3" •i"'a?v •^'•" r -3 •!> 

~± Hilt* 5** **.<:*-* <*"~: 2 'J >c •"* .Z ° -'-* «° ?»«>«•<»«» <s»"'» v a. n. n» U. « «» ;»»£» 

q o f5 w 8*"^* ... n*.j "*..^^»... ..... . ft 



-386- 



Ok r4f% %0 

f O O 



gft 

3 ** " * *• Jj * 

*• «• *- «l CJ M M 



8S 



•4 r4 

I ° 



« W «• NO 

© © O 



a 2 



IS- 



v> do 



* 






U 2 

t il , ' J < 

«~ —a .2 - 
; 3 *.: ? 



Ok ttCWOI 

* *• 5 




-387- 






as 



*. 



'tt s 



2 * 



as 

&3 







S 



« «• *- 

a 

£! -* * 



BUS . . . 



"3 



*» «. E « 

» <» <J) t» t) 



L 2 A *C 



3u " *j 3 !4 



■a »*►} L « p. 

5s 3 £JS ^,- 

Ins -£«^2«**£*"*s***3i2ns3£* 1'iii as 8, 

>;e»u v» cot)t)^ titot^O) biticoto «o *i <<> «o <»> <•! t» v> <^ iSta5 Ai? S .~ 



w !» « 6 5 

•KSt 2 2 



[A 



t.j v> c» vi tj n 



-388- 



NNHrl V> 



-* *--* C* -* 



.5 3 



333 
8SS 



8 



23 



i 
3 v 



I 



etsS 



, v» ♦» 






« 3 



z -J3 ? d-a ic g u 



1 

3 

la 



2 
.-8 



.3 3 

z3 



T. 



y »: ? < 



b 



c c 
• « 

WW.) 



U 

8 1 



si S 
« 3 



-389- 



5^ * 



a 
s 



• -as 

° H 
© 

d 



43 3 



d. 
© 
d 



r« 


a 


«-• 


«\« 


« 

.» 


r* 


§ 

S 3 - 4 


?* 


Ol 


a 






1 «• 


v> 


H 


1 * 


•-» 




i& 







cS H 



^ *« 



fc 3 



BBS 



! 

3 5 



r 



3 §r 

1 13 



iM? 



«d 



* 

3 



s ^ 



SJ ♦* *« »» :tf 

g« «t 3 * X Si 
3-5 2 5 3 s-S 3. 



J 

o 

« 6' 
X « 
3 C 

1- 



I 

i 



^ <S ,S 



* ¥S 



"a 



5 I 



8 

u 

t?3 



h o 



>• % ^ 



-390- 



9 H * 



A 



v> •-* w\ n 

« S« r< . 



IS 



r£ ** J5J *: «• *"* 



2 81 8 ~ 

O 3 5 <K 3 



3 5 8 X 



» a 

Ok t- -* « 



s- g 


* ft 3 


5 
1 * 


* « fc 


«• 




S v>* «• 

• 


a s 


1& 

« H -* 
«4 


* a 



*> & <* 



s * - 

A 



§ w 



3 §* 



« o -» *- 



o 



•* -» v K ••» " «n 

o ** 

8 8 8 £ 33 



8 . *" 

5 ft 







PH3 

g g 71 



Sir . 



m § 



Pi? 2 






•:* U •£» -u •* ,* 



£3 

5* 



fc. -y 

3* P 



I! 



5 5 



3 S 



-391- 



3«4 «t 



56 

% *t r* 



ss 



s 

& 
a 

•4 






«! 

* 



I r a 
I s • ? Mi 

" S- * ■ 1 .IBS' 

• r-«s ii fits 



-39e- 



r* 




•* «■ 



6- R 



g 



gsE 



y :7 

3s 



le 






:... e 



«> « o a 

8 ~ X X 

z z a a 



o to s 



w« fc 4c^ ^c*cx ^ o 6 6 U o (50 



I 

s 



& ifi£t! 



? *• t* t 

o -. :. 3 









-595- 



« n 



i 5 



BSE 

£U8 



•12 

O O «. 



* •> 



s 

i 5 



js E! 



.3- 



"g ~ w " 



.« •* i "S 8- J u 



3 2 S:3E«« S-S- *§ 



» i* ^ .*» ,«o 



.3. 
S3J 









s «-« .n ♦» o a 

8 3 >• 2 S „ " 



2*1! S 2 i *;* *4 ?>?/» K*** »"">•?» •«* • 5 V « «■» «J n S 

i"S U iP 5 J*':**!! isH w *'l 

4 &* «a m| bj t.. <J «3 O tj (3 ij (.) U 5 J< >< >C >< »< !< 



-39U- 



5 







ocSddddoocIoodoS 5 



-395- 






2L* 



lit 



S~ 






££2 



«S3 



5 



5 

■S.TJ 



3* c ' jt ° 



J* a: •:• r <; 



&*CA.fi. a. a. a. a.< a. 



O >c .i k 

« p •> t ij » 

2 * . j> S *> 3 



S 3 

O W ► 1 
O E O fj 



ir « 



tl 5 3 ^ <» 

r ' Sop? 



O Or ti oj co vj </> «o <a(o<o<o 



-396- 






run 
do 



aa 



III 






"I H ft 8 






"5 g §£ r -;j 3 



rl--- 



lit,- 



1 5 

1 i 



1j 



I »- 






as w «( 



• S-0-3 -8.. -3 

3 E 5 | 3 S " 



e-5. 



iy**>«j«ifi -U «, y * II ti I) i» h n ti «i a 
__._., -j r> -j j i* v' ♦» m -i, f] <5 o ^ ti -- A * .i * 3 

?3*:i & 2 2 m &XXU ZVjlhh «-S -^ n 3 * ? - 5 

^>-r< k t- * o • 1: •» o o «i «. s» '« « o «j «» ti • * 1 •*« ~? *y -j 
%» «> *j «^\ 1: rK o ^i (1. 11, t> t (, .t .1 /: .t ti .t ;-: <•.> <.• ».• o «* 
rte.M^MV • •** q b r\ ». ti, rt. tr <s- O tr «' tr • r v ir v J? 



</> C> trj l/j tQ&><ob) Co to <-) l> 



v. S 

•s-a . 

« *» o 

x $x 

.<» **>* 

« *» •» 



5 « "3 
S 11 .5 



<o </j </j v.» Co «»J <<J *)*1*J t/jfJ «o 



-397- 



O O 



2 • 

S3 

IS 



I 
■g 






3». Z~-r 









3C *- 

{» c* u £ tC t^ t4 ti (4 h £ 



! 

c 






n »i a w 



o • 

(3 B 



MS 



aiS 5:5o 



-398- 



ft ~ 



5 * ft 



-* * *j 



A «-t «n 



© 

5? 3 



3 



4 
I 

06 

if- 

5 *" 

In 






I si 

«» -a o ti 

4* £ 3 






3 3 8-33 

6 .1 i) N ti 

8.K g 5j ij 



•3 
SI 

U. I. 



•5 

! 

£3 



inn 






I- 



•r „<f 



S 1 

a. s» 



-399- 



© 



f- <o »- 

Ol V N 



«i o r* *t 
3 3 ~ d 



13. 



SP" 



a 

d 



fc £ • 



*a 



fc £ 



.-t «o CO CO 
o rf ^» v> 



2 a 




2V 






§ 

•»* 

3 

1-3 



c~* a » P. • 



Si> :1 



§ s 3 *- 



£ 3 



U 

s A" 



3 1 

I* 



-too- 



: i 



2 

o o « 

3 



!i- 



8 



3 

c © 



2 : 
o£r 



1 31* 



2 8 



5 fcl 



&S 



SpS 



-401- 









f 


z 


rl 


ft 


«l 


a 
g 




.» 

rt 



It 






* 6 5 



t. O V . 



c e 



g 

5 w S v 
V : -"? 2 : - - 

... *.* x 



o. . •« 






J; ~. t: S. -t rj O ♦. , 

** "•- ->: ~ '» -t 'j -. i 



s* 



a» 






s 5 



-U02- 



3 pr 
5 ;r 



i 



i 

2 * 



* 
I 



&*& 



3 K 



3*. 



Ha 

% v: • 

at 2 



i! 



V V: d x » i. dun 

*. V *-» ^- «J • * . <» c m — » • 

a* o a«^A.'w:4 •♦* ir .-« • ,*i »> a 

• .«.♦ e •»» • o ;; • n. *j o jc>: « o «§ 

c* tt <t» d n.n« p, p. v. u fl • fc»fl 

• fc 2 £ f:-JT:S« -« | « mo 2 u t« 

« .V *. ♦» * w o k" O •) ej "» « *» U *» •-» 

•j n i: «» m *» :» •» ♦» •»* ••••***' •■! »-» •»» 

i\. o tnv •>•»*. .v <> i •» e ». -i «. i, *♦ o K 

p *. •»» •-» rn m r> i^ •»* r»> -i -^ r <> u v- « *i <» «» 

ft «. ■» . t« l» <^- ly »i t b .v n i- .*: 5 v.- * .j j? 

9 S? K * ° o fc» l* »>.?»* « * *♦ «> t>» • »-» o * S» 

(^ £4 h. *IV5tolit3l30C>V> 'it *S *J k- n: V- 



JK>3- 



as 

f 

«■* «\ 



&*> 



c 



§ 



V 



J. 



*- 



II 



3 I <3 . 1h 



J- 



w «>o 



•»» «u .3 ri ^ • «t ♦* 



:.< «. «i .»: •» 



.3 6 









»» v i: r w .i it ♦» *i b *» o t. <k* o m £ 



ft h$h & w .° . .°£ S £.° .1} 2 £ . 



• . ♦> y « <j 

£5-S'ii*ti 

c n. rv. u. n. •> "» f >> g» 



-!»<*- 



a* 



&» 



V 



to 

i" 



if 






I 



! i 

1 * 



i* * - « - 



3 






i . 8 

-i Ha. 



:-3 






as.. 



n|nI(C(C<Cru(C a* a. 



.•3 .3 






.1 t» «» M 'i 01 -t 1 .C -1 '.i •,» •.■ tlMW 
t-» •» ♦> .T *-» U O J? F ♦» Jl .1 

*.:•:»»-« «:: t, \ -. ..» ^ «> o «, v. s-: 
tt . o *. m .-n »?va • ij « (J a • 

«J O &• O *» %» — 'O o 

C/ cw o Or cj fc> t.) <o to <o 



«* M t] <*> 

ti to to to 



-*rt)5- 



I. 

ft 



f 



2 •> 




-1*06- 






d 






9 



r 



d 

o 
d 

d 
d 



s stii 



v rig 5 I3 ** 

3 *h w 2;?? I: 

•5 »M £ ~ w ~-3 • 
»? 5 * E £ ..*! r d3 5 5 2 

£* n £»4 & i J u t^ t4 e^ e4 it 



V % * 
t« ;;.. -^ 



13 



ox 2 *i> 

• «» o. •« -a « 

n. CN c «3 •» « 4f «l 

" -° S X £5* 

s aSsa 5 5 g 



to* 3 



-tor- 



1* » 



& *z *- 

d *« <o 



5J 
o 

Kr 

d 



V 



d 






•9 

Ji 

•8- 

w « 
r r 

■3 -a 












Hi 



B * 

a -2. - * 

%» . n • « e 

« m o * fa * 

•■»•-• m # t fx. O 

«) J >l >. O AT 

c v > «. o rv. *. 



s- 



5 ssfl 

3. S-,1.3 



*S S 5 J!?n 



S 

U 

II 



Si 



-1*08- 






f 



f 

M 

1* 

V 



3 
8 



* - 8 


St 

8 


* a 


a 


sT 3 


$ 


* * 


* 




s 



8 3 

d 
d 

s - 

d 



3 

d 

? 
d 

d 

8 



.* 


«*J vu «o 


3 


rt *\ A ft « 

5 «» ^ 


•* 


*> O Os >r\ 


*\ 


£■ *- fc «* 


Ml 


«: a a a 

d "* 


W\ 


<» r-4 v) 


s 


d *» *• 




$3*" 




S2-" 




jass 




<en <o •>> 
3 -5 «> 






JJ ^ i 5 
o ;£ o* ~« 

o 


3 :r S S 
d ,rk "* 


8 8 8 S 
d ~ r 


l?S* 


S|«i 



sss; 



S 






x r.vr * HSU I n$ 5 



s3 



£2* 

m 



5<i^ £ & & £ S ' 



all* 

si go S 



s 

£1? 3 



3 • 



•0 -5 ? ^' J 3 

=u S ,? ?s ^ ^ * 

O *U ». O .J fe*2 

I \* g g^ g 5 s 



«3 5 



-1*09- 






s 

3 



3 - 



S&» 



9 

5 

§ 
* 



3 



» H s 


^ 


£ 


r» 


g « 


iS 


5 


» 


$ 




o\ 


*0 r4 rt tO 


*<> 


fc* R 


£ 


#4 r« Ol 


<3 



;•: *i »» 



-3 






-410- 



& & 



g s 3 


-• 


- £ 




S 58 




ft- s - 


as 


f - S * 

•• 


ap 




5 


ft"* & 


*>£ 


- £ «• 


SI 



~ & 




-fcll- 



s» 



9 

3 •« 



f J 



i-:se 



8 i 



l! 



.3 fr^ 



*3 



- 3 



3 «""h £ 

O £. « f. •»» 

t> *»>j ♦» ex, 

S3*5 " " 



a? - U- 



3 
€ 4 



n. "O -« ■>• o 

tj K to « 

*• ••* *;i r» JL.° 

- o | c» e 



a* : 

r o « 



u 

o e 

a 



O Q *-* 2 



.5* 
"SI* 

t? oj w 

k « S ? 

: ». «• o 

?!»•£« "31! 

r « i u « 
~> .-«-«» J. 5 

« ~ « « g 



-l»12- 



« 



■S 



if 



#.* 



13 .. _. 



3 ? 






' •* ^ .? * 



5 fJ 
•9 «: 



S3 • "B 'if ~ u - * « .. S ".. »• «a* r« *• -« *'■ u fc »• w » .. .. 



• » m> * *■ 



i <j> «.■»*-* if ct.ccn.ci 



8St 



§ s? a£ a{^ ci cioddooco'oooood^ 



J»13- 



9 
I 



s 

J 



K 

8 6 8:7 u sM S • ft 
* — >»ss 3 • -g »• P. 

I is I § 5 ? x«i 

3 o a i; jj •»!•»* 4 « o 
n* uj "o -^ o » -a m ■»» •»* 
"O >-. ij 

a. fll (C a* <C a? <£ (Col 



2 

5 2 

•3 • 
■? * 

« -ij £ 



s ~- v ,. tJ 



6*2 S 

s3"g 



»3 *J ♦■ 



© CO M 



° « •* k ^>:«HtJKj. •» ^ -3 >: f j R j, r. r. L f. « >? 



to «o «oo>«-3«o t> l/> <o CO 



-«Ul|- 



.ft~ 



9 

i 



«t *ot- .* 



« <nt»- cv <v <o 

2 * 




-«U5- 



s 






a 



*- 



•8 

8 



3 
6 



tt 8 



•0 V 



- I 



3ii -I 



• AM I 



* i 

8 1 3, 



1 i 



I 



■ i llllj. fillip lihL 

«sszE J Sbi* 3 "**-? ]Js22i1S 
£f>fl &$£■:£ «: t; <; «; «; «; £ £ a £ 



fa 2 i 



V o 



<i O I 



s n 3 

"9 C 



8.S £*1 

o * -rt 

*• *» R 
MS 

555 



II 






-1»16- 



8 * 

s« ■ 



St 



8 

s 

8 



3 
J 



3 fc 



^H 



t M 



i 



1 * 

r - 

u 






5 , 



le §1 



II f J3IIJ 



MBS 

3 /? r! "is 5 

<» *» f.. «,i *J 

O i." '»! s. 6 
O «T» i., ;t ?» 
O £ jju« O 

•a jj * -: g g ' 



?>: 



3fi 



I s 



.2 6 



*, f-TfJS 



*. F -H 



'J •» V *' < 

rf- 1 A, •-» 

t- - 5 X i 

*> o 5 5 



3 : i 
IP 

o b o 

S 3 £ 



SO- 



4 8t 



fc 



-*U7- 



WW W irt «• « A O «> 

3^ *• R 3 3 a S g ' 

O o *» s 

w «<« .# •* •* «o r- «o < 

.4 o *• H 

3 3 3 

^•^ w «« «• o .h w -* 

§ «i .■; ** ** *• 

*^ *J w* v> ft o o o ot o «-< 

* 3 * - «. « « " § § 3 

3 fc "a •» «r a «^§§ 8 

a * St S3 55 fc tt 2 3 3 

" « S 3 -* •• $ fc S S 

O <; V, S H 

3 ** ** «" s a s a g 

jj s ^ a £ *• & 



fr S C~ _.* Jf? «*i 



ST 



c o 



3 



IS? 






a 



§SS _ £SS 2 ^ § 5 



« vL- 2 £§ 1-S* £ ^fr 3 sas °- •**: ^ =3 -5 3 £3 fc & S S -S 

5 ?* £< P ►J*-fi^»2%*uo»roo «ti^J*»-oe*u «*o»4Er»*8 



s 5 



-i*l8- 



a ~ 



3 












5 8 o 

i leg 223 a-* 



i i 



-419- 






r* r4 M 



§ - £ - *«3 ^,r *. ,, *. ^ 

^ J - ^ * 5 » * « » 

H f " " * a a a 

«£ £ a * 

- 1 « ~a ^ ^ ^ 

: - * - *"r s-> 



■* «» 






-1*20« 



S* 



Cloo Jk 



« 
3 



j? a * ►■ ass* 







oiy> 




«f 


r4 




$ 






3-* 




"3 




«-i 


o 


a 


t 


o 


«\ Of 



fa 

I 



d -*!8 



3 I 22 4 5 g ? § J- 6 - *M* 

S *£ * t v. .3 «~ if k « ii. i! cow 

Jl J» ** • *«* Kt ^* T* *0 ^S **» •»« • ^^ €5 CW 

r •«» a p. • „ .«; o^».o n . tj o .n :: U « 




3 RUE S S'Vf* ?-i «i'^ s l« 3 8 ji 



&. OOOOOOl 



-tel- 



if 

a* 

2 



2 

ri 

a 



-# H 


.-« 


»-l^ 


» 


8 


-* « 


H*\ 


Si 


^ 


fc 


t- «\ 


#"IV> 


.-ICI *\ 


&? 


V? 


CI CI CM W\ 


flO 


*VO 


a 


* 




« 


CU^ 


©' 


c* 



& 
2 




-k22« 



ft* 

f -' 



a* 






ft" 



a 
a 



a 

3 » - 







-1*23- 



&« 



5^ 



ft 

f 



38* 
S3 



a 

3 



t- ^«s 






^s 




*•! «■> «■! *» «<» *> V> C) «,) V) «»J 



-k2k- 



3 



» 






*4 




&« 


H 


r* 


Of Of 01 


M 


$-■ 


-» 


M 


Ov_»C« *o 


3 


*r4 


01 


#4 




01 
0\ 


-5 


H 




*\«-« *\ 


«\ 


e 










Sh 


<M 




*o *\ 


3 


00 




» 


«-** «\ 




a 










•4 


«» 




So?a *■ 


a 


a 






M 





H ©J 



•3 4> _ ~ 

«* X —--•--. «| ♦> h» "3 w J» o i» 



•8 



g. 



21 






ft 



» 8 



a **■ 



#4 ** J? 

01 

2 5 



* 



I 

gj*\ OKXOI OJ -> 



51 

a 



.*• j if?. "I I.* | 

? 2 Si ^.-i^HI *? s.? -s3 „ JL if ti "2 *3 

• p: n w m «, -!•,> w q .t-^ /s 'j «. m a y tJ it,i .ox * <a n-.> <» »> ,» .• ti 

f« S i» « V *j i.tl s u c4 ^ i4 h «4 1* ^ iK . £ c> dl j»':i iiiio o 



-fc25- 



a *? 



it* * •* 



-I 

5 



#4 


3 


» 


*> 


gj<0 


CO 


S " 


8 


2 

^ 


» 
8 




OX 









o 

9 



B 8 * 



8 


3 


§ 


3 


* 


•4 


3 


3 
4 


SI 


8 

Of 


R 


d 


^ 


S 



& -> 



* 3 






& 

* 



•.y 









t? fi3 



P-.T f<- 



| 
13 



J. 

si 1:2 . i? 
s 

"i! 

3 



O k* TJ 



Bvl 



Js 8 



I - 

». c a 



►* 5 '»'.,• 



I- 






£ £' 



?>.t 






-I»26- 



« 


a 


«* 


•- 


d 


s* 


£ 


& 


H 


3* 
8 


«4 


5 


8" 


<o 




» 


R 


»•* 




5 * 


a« 


s 


"~sr 


H) 




f * 




*a* - 




2? 3 


ft. 








9\ 




5 

8 


3- 


« 


O ,*4 


«o 


&; 


^ * 







* 



HI 


s 


•"3 » 




HI 


3 


a 


01 ** J? 




3 :4 


& 








A 


HI 


3 


ir\^ ^ 


«% 


#4 


J n 


& 


•a r* 


Hi 


<4 


"ft* 


* 


^s » 




d 


#4 


& 


s © 


ft* 


#4 


«o 


§ 


«*3 




£ JP 



fc * * a 

d 

JJ V) « « 

d 
d 

a ■* ■* 
<> 

$>- ^ * a 

-• ** *• 



2 


* a i s 

d •* a h 


£r 


d ** 


CM 


t- .rf « 2> <* N 

gas*- 


£ s 


a\ *\ j*- *» t? 

d ** *• 


fc 




•-i *\ 


d ** 


O* 


2 SB* 


a 


§£5 1 


<o 


ri N N 4 o 

o 


M 


3 ess 


flO 


d » Ji • •■ 




d 


ei 


?ss** 



^ £ «i £ «*- 



jj ^ ^ 




23 



5* & 



"K II 



• « s -«r 



■fi • ^ 



U*» u e l» c>> b 



•"H «' ;-J P.O.* ».^«,i m » • A> 

« ? s § ¥ : ^ : " s § r n ^5 s s a ft •» 

? $•: 2 A i; r '■ "H *^ <! -r- ^^1 S • "S 

Y p. o »* r , ».^- •> « I. tJ n : o *. i* ►» % m X, 

c b 4 : s c o u: ri tc £ £ g 4 .3 



-1*27- 



S* 









*- 



a 



f 



H «\ H 



n Jt ©» 
5* 



3 
#4 

O 



i B 






5 




A 


- f 




a «* 


i 


S -3 

*. a 3 


r< 


0*«H 


*« 


a •% 




a o 




• o ►* 


n 


H2S 


5 


OlIO 

3"- 



8 £ 

40 CO 

S £ 



-l£8- 



■? £ 

s * 




* 


-# 


g « -« 


o\ 




M 


r- 


*\ 


SI * 


JJCVJ 




- 




» " 


5j W 


<* «■« St 


* 


«r« 


©\ 


2 "* 


OH 


%2 g 


j» 


& 




S 


» 




» 


i»N 


«-« w OJ 


NO NO 

d 


" $ 


N 


& 


» 


•■« H 


54 


••!• 


«> 


Si 




^ 2? 


0\0\ 



#-■ N© ON 



'»8 



£8 5> 



s 
& 



ii 



*1 



J; S V ';= » »• 

t So 1 -- 

k * * _ . .*■ f" 



*3 



6 ^» . 



f-H 3 >; .* Fi-cv'.*^ * 2 * « * S ..*:::•? a h '*'»' * " >i -l h $ 






J*29- 



M 









f 



a-? 









P 



5? 






I li 



iii 



5 t 

2 * 



•SB 






X ~ 



n. «w _ -c 






.i : l ? h s « 

5 fi- M • „ ft 

H lj:!i e g «, - 

I "g --• V £'.r[L , 

N £° . -i . . . .XX 



3 ?$* 



r»* # 



.3. 

« sis* 

© |3 CI • — * • • 

t»J t ft t (J o"C 
♦» •! K d * rj 9 



Ji^o- 



Jg ♦* r*Ct COM t-*+ <S> 

«\ «> « M £ «4 HOW V>0 -»W -* O 









»« *V K\ 



S3" J?8 5* tfa 



r^ *s &sf 



r--* -* rv ci a 



s " 



«* l*\X> Hi Hi OS O f-V> 0\ -* C> -d> t*- 

Hl W\HI H AH rt f\ 

HI « Ok\> 

CO CUM .Or* HI O 

K»0 *\HJ tf\ ^ _» 



2 %~ 5 5 

2~ if . 3 5H- 



:*<* 


s 


OvOv 


CM 
rl ' 


rt s 


a 


SI 


3 

HI 


,f -ss 


s 


^ 


ii 


.f« 




<r^ 


3 



I I j3. f 



3 













«9 



3 
3* 



-1*31- 









* & 5; Kr 



V> H |w 

* » 3 

3 *- R 

ft « « 



& 3 



«\ cv 

-* f- cor* 



o . 



4 






? 
I *3, 



i* ~* M •»»«•> * in .» -.; ~ S **C - • 



5 ° ■*; 



j »»* *u •♦» *o 
ft, t£ «C «C <C «C «w 









3 Z 

. .o o . 



3 . 8 

♦* " fc *» •» ♦» 






c* <> or «r 0] cj (Jl^ijij 



■So : n» 

fc fc « :? 

bj IrJ t^ fcj 



-1*32- 



3 
«?3 



3 






«> N A 



* © x 

• M - 41 
J 



3 *■ 






■ 3 s 3 



3 H < i: 




-*33- 



8 ~ ~ si 



,£•*»« «•*% «* 



S3 ►- 

L 





S 


**- 


3 


*\«l 


8 


*•* 


5* 


*"' 


rv 


s?** 


$ 




£ 


33 - ? 
3 


*-«■ 


* 



H NH *\f4 



S3 


5^ 


« 


a-* 


S + 


d 


<ft<* 


5T°S 


* 


as* 


© 


H 


.*.* 


^3 


«"- 


.* *Y* 







3 


1 


d 

8 


3 


«o 


S 



VOrt f~ 



2 o ~ 

6 «5 5 



SI 



311 yj | * f I ^ »- 3- 



§ *3 i =!! 5i I.I § X 8 '-'- 11 

111 r^siSI* * * * »- =* 



■» & 






3 g£3 




J*3*<- 



S3 5? 
5 






:4 » 



s 



"J si 






3 






M> 


a 


tt 


^ 


a 


a 


a 




Hp -a 


V>^l^ 






rt Os *> 



* 'pOp 

c-» >: t> o 



*. o. 



•a s 






•a t> -. 

\& Hi 

l o o 

2 8 S 



» £5 •.» 



3 






seises S : 



o 
•*: ♦» 

S- 3 



i 
J i 



. a I 



Li 



5 



2 is 

* 3? 



c o 



-**35- 



e3 a 



& 13 -» *» 

o 



JO V) CI 



h h h r\ 



7& «* 

I 

•Jew <w 









as 



*M> 



«4 i- 



d 
d 
d 
d 



3 " * 



*o j « w 



*\ -♦ 



i OK 


CH 


* S 3 » 

A 


Si 


SI 


•4 


J? 




(> '« « rl A 

■a 


fc 


H - *? 


3 ft *° $ 3 


CO 


3 £ 


d ** 




^^ £ "* 


O* Ol © V> f- 


e 


2 c7 


• «- W -* 


5 


& a ' 


35«t* 


a 


3$ © 3 

CM 


^P 551 c! *» 


| 


CJ lf> K\ 
CN 


?5 5" 



2 * 



,1 






*i 



<*■ - o H *, .^ ft O, p. «J 



f? -3 fi .h r 






if 




-*36- 



« 

s 



m% 


© 


3 


•4 


~1 


8 
O 

o 



« 



as 



£*> 









3 <L 
5 - 

I 2 



* «. i 
« .-J 

1 111 

* %\ 

5 2 



-8 



-^37- 



!& 



ii « 



3 o**o *\yo owooo ov 









H 8 8 Hr * «««o<o £ «* « «, «. ^ 

H V> H<-4 HH^««« «© «* « «J CI *> 

|2 $ •""Hctgagg^ 3 « *s « ^ * | 

«i • G WW-* <¥H>a>*>»«>»r\ Q «\ «\ ~t <« -* *' 

I * 3 

*• s ■ DV " iH aaar st » « ^ « « 3 

4» «* 3 



SI ^ s ■-■-* H ;r°asr° •? a • -* « § 
1 1 a 



6 



1 u 



^ -*^>K>^HCJt-pJ-*»> £ .* Ct *4 -* V3 T 



ft 



*» Q H •-• r4 «-l «-♦ «\ \a 



1 






ft " " ^ 

H ^ H>tvi*%w*\£co~rjr-* 01 -a> c* -* •* 



t A i % ! 

. s „ iJln'-.i,! § g g 1 

i f i feteis* || g 1 g 

? b .. _ ti « ? 



^ if S •?*• ****>;» u c; 3 z: s « s s 2 3 s 

" 2 'iS*f 3s»,l d I b c 2 § 



-J»38- 



a! 



5* 

II 






Jj ft r^ tnojoiaioi %o .« ^ w *° <g 

g <Dt^CVOJtfXOOv££CN £ ?4 «">-•-* _£ 

^ ^ OJ.*Of r4^U\«N£,j.~t £ <* Ol ,* «n |w 

^ £ «-^M<0«<O(O3J|Jt- oj jw M ^ « oo 



1 J* 3v oir -* 0,c, V5£iJ59* <y <n « . oi %o o 

+> ft 

i 

I ft * 



5 p S «*-«^«<noi«j 8 3o, ? «n o. *, 3 



„ g «>«-* Oi^oj^g^ £ «n 01 oi v> 

fc 



• 3 « J*<l?!3-,l3 1 1 g 1 

s 3 e 5^«?«^82e p ? s s a 

* a s SJ a *-s e St:^ •• s a h g I § 

s Joodoooljr §> g s s I 



-1*39- 






3| 3 s 
f.2 



V» *f\ i»l <»"• O Ov»^ r4 O 






ot *t •* «\ <«* 



^ 



9 £ «>•*•* .-«C£l^gCK V) |^ l\ « 

£ c$ •*" ^«ft^^^tvcj^ v> jg ^ ^i 

s a « ~ w»*a M s ~ - 

rt jj "< ^^ ** h *m 15 "* !* ^ ** 

© CO »»-\0 «"».* VQvOan o Oj p V> »t 



cr» v» 






© Cf\ r* 



up** 
•8 



Ok r4 r* rtfnftl »^.* 

HHNM 



M 3 



* SI 



!■* 



CO Gl r« <*t tft 



£ *- £ **>-.* ««rj ©153 <o g ^ e. 

H jrv w ir>«n.H ,-1001 rocg 01 -* .♦ o* 

fJco 

*• Si ^} tf>\0 «fN«WOJ t-WM U> «\ w4 ri 



3 






7> $ f> K .*? * f « .*? £ *j p » o o 2: *i 



f> i;f'f •» ^ f « <» 4 > * 



£ A 



v> o o 



A jU^a^t gag 



si 

I 



-1*0- 



jr 

2j 

$5 *° 

ft R ^^h^uwjj ^ ^ ^ ^ w ^ 

3 

| J g •**«.. gjmaa ^ o, „ H H „ 

8 o* ft * ; 

° 9 *4 £ <n«n^oi^ga>ujg « <* ©I r« r« ©I Q| 

I ft 

2 g • w0 * Mn,n da&a a * - - * ■* « 

is 
^ § a^^^^^M si «* - •* - '•* g 



a 



! „f . 8 



I S*W:Ms* 3 1 3 3 3 B 



-Vn- 



£> cL «M »4»-IV>CI «•>*» «•» rt ^ 

« ** <J» « IftMHrl rlOO-^»Q ANN *4 ft «"l l*% 

O $ 3 ©I <*>« «£ 

lf\ V> KVT •-♦*Hr^OJ»a--t>0 V> -» #4 «-• r* d *\ 

W t*» rt CI «-# CO 



«-* <*> O* 



I * * 



. r- oaift-t-*rrHt-«ji«q -* oj -t w r« oj ^» 

1J\ CO «H CJ r* <A 

6 

** £- i-«r+« CJ03<7vO>t- CO -* r4 r-J r* Ol V> 



3 * 

M T* *i"1 ■£ y«NOO-tpH« «\ o «n r< ^ #r» oi 

* -ft 23 » ^a^a « „ a 

1 J S U WM W88 3 "* " M H w § 

I a *> 2 a^^assa a • ** H w ~ | 

** «f *2 d -* CO NO COO in, «mOU\ -*• o\ M H M ^ 

fc 

I flg J 8 

B |* 8 *«**S3{* 3 3 3 3 3 




-JA2- 



• Si «T» r< Hr4trtf|«\c« f» .» 



"9 ** 



«X £ *•«!#«#« <*«>£<« *> «| rl « ,H CW K. 

8 8 C ** ** *** %, ~853 *» •* « M H « £ 

•«£-*•• ***SS ** 21 H * * *» $ 

^3 3 ^'"'■^sass s s; *» « - •* ~ 

ft .> s -•*».«* a -j B5 j *- oj « r» ^ w s 

« 3 a^^Mfis s s « « * ~ s 



St 
it 



ii 



a « S •'•■"•ssss 3 s « « 



«IH»1CI rH »-• 



:s 



35 g ^•—"•ttsss sj 2 - * * -* s 
^ :T 3***"-* ^2*5 £2 v •* h h f< n ^ 



a a'"*—"a2v& 3 s - 




3 im£a*sa|s a a a a a 



-1*3- 



I 



,J 



i* 3 M " MON * N «« s a • * * - s 

8 * W4WN Ji^5 - ft -* •* «• *» § 



«X r< 01 H <M r* »-.* gj p «\ «»» j» «n 



*-« M «D 



*| g vjovo^r-^^g, • 3 ^ ., ^ „ ^ 

3 3 <*~"«"S«£3 d 3 " " - «■ g 



8 



•8 



k 3 p v>, "-* w - : *3 , ~$j; *- 3 « -* ^ « « 



Jr ««nOt 



SSS2 



* *g 

a 23 g 5-«^*3afa 3 & « « - * * 

g Is *• 

• $ E^^asss a ^ « « - ~ g- 



; 2 3 >, 3 % eg 

: a) »j i/^ * « J! t.i r* 




*• 3oooood£££ tf £ ft 8 tl 



-W.- 



* "*£j £****■ 



'._ W<M* O CJ -» 
*>«*-* w J J) ^ 



4 

12 a <-o~*.~.^-, «, s w „ «, „ 



* " £ 



M -» n 

S " * 



* w 33 « 8 " « « «• 



I 

ft 



35 S ■*■**"*■*««» «- s 
5s 



*° N °* s 

5 



5 *••* -* W 3S «• ft « « h « s 

* ""•"'•••saag - ^ « •* « « o, 






-»<¥«-» 



Mrteinn nv) w> «- 



-* H ©I 



X 



& 



i% g —~*-*8a 8 a <* -x v, <n „ • 



I 






JI 8 

«0 St ^ fc%, ~ ao **>^^£ 



«*» «n ai -» 









1 1 1 mmu. 1 1 1 1 1 



a e e s 






« 3 S 



i r^^|S|& 3 3 ,1 g g 

ooooooo£tf£ g £ g £ g 



-V*5- 



« 3 cm <,, * , NHf -°» « ;* «* <m w OJ p 

H * 

3 «\ OV r4M «-* SO X> r« M 

.« £ **|w S fc «* <« « * £ 

'I 

JJ 3? *<n* e^mjjvg w (} « w 4 « « 

N> & " "^«*>evCJJ r* <£ CO M ^ w — 

2 a 5 ** H *a $ * * «• *• 3 

55 I SI •"••«:$ 8*8 £ fc d « ** ~ £ 

^ § * M, *«»3&8 a is <• - •* « 1 
If & 5 2 ^^^sss 3 r * - - *> g 

* es *» 

5 O, § ^OVCCX^OJV^CJ^.^ ^ ;> e- CM «M ^ g 

ft * 5 ^•'•"•aasaa 3 s; «* w ■* •* 3 

i 

f «« " 

*■ g§ S S cr, SS&83» S 3 w « •* -* -5 
<* • fc S^^^^S^SJ 8 ft «■ «• « -* & 

2 5? 1* r f ^ ►• i' >j ,».' < .< 4 r.j 1.1 >! V . ri r» 

~ « m ■Sss»s» , ."v in, a '•' •< d i'i -i £> 

3 ;£SfM!M5 3S * * i k £ *• 
i! 1«^«*«5S5| H ,13 3 3 



«tt « 



-kh6- 



Tabic 5*(l) physical Data 

Station 

Weather 

Surface water 
tempera turn, *C 

Surface light* 

Bottom depth (m) 

|Kix. depth of 
visibility (a) 

Corresponding 
light Intensity 

Water color 



26 September 1268 



PP 

Partly cloudy 
80$ sky cover 

19.0 

7000 

6.6 

0.7 

-150 



MP EP 

Partly rartly 
cloudy cloudy 



WXE(5) LAKE(l) 



Partly 
cloudy 



19.1 
29GO 
6 

1.3 



18.8 
24oo 
6.6 



55 



I8.9 

4480 
8 

2.5 

37 



Dlrty,yellovlsh Dirty Sotnevlmt Dirtv 

brawn k. _>»_* .- J 



brown 



Percent of surface 
light at disc depth 

Percent of river water** 

In the mixing area (KP,5P) Surface 
Bottom 
Average 



2.1k 



brown 



6.75 



57.0 
35.0 

46.0 



dlrty,ycllow- yellowish 
iah green- green 
brown 

2.29 



10.0 
12.0 
11.0 



0.82 



High 
Clouda 

19.7 

3600 

1? 

*.5 



Milky 

light 
green 



27.77 



**le 5*<2) Average Chemical Results, p pa (!», .^ and Ortho-r^ are expressed as ppb.) 



Station 
Dissolved 

2 

CO 

* 
PH 

Total Alkalinity as 

CaCO 
3 
HO -Ut ppb 

H> -K» PPb 

Ortho PO , ppb 

Silica 

Sulfate 

Chloride 

Turbidity*** 



PP 

7.5 
2.0 
8.60 

213 
226.5 
25.0 
72.25 
O.65 
59 
41.2 
20.9 



HP 

8.0 
4.0 
8.6} 

l4o 
122.5 
12.0 
9.35 
0.69 
4o 
21.5 
8.3 



EP 

8.8 
3.0 
8.50 

120 
100.0 

*-5 
*.05 
0.68 

25 
14.3 

4.2 



1AKK(5) 

8.8 
2.0 
8.55 



122 

109.0 

6.5 

*.35 

0.62 

27 

15.0 

*.3 



IAX5(1) 

8.6 
2.5 
8.53 ■ 

118 
123.2 

3.5 
*.37 
0.53 

22 

9.2 

2.32 



^.'SSI-IS \l^^^f^T^li^^^^ »-— *>• 2CQ ™ 

approximately four .lerc^-cre. per foo, J^^^^^^^^ ° f 



S10 2 ppm, on the Ifellfge tcalc. 
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15 October 19<B 



Table 5bCl) Pyslcal Data 
Station 



Surface vater 
texperatsire, *C 

Surface U£at» 

Bottcn depth (a) 



Jftuc. depth of 
visibility (n) 

Correspoadiisg 
light intensity 

Vater color 



Berceat of surface 
I li£it at disc depth 

PerceEt of river water** 

i* tte tixinc *r*a (MP,EP) Surface 
Bottom 
Average 

T&ble 5b(2) Average Qicnlcal Results, 

Station 

Dissolved 
00 

pa 

Total Alkalinity as 
CW» 

SO^X, ppb 

OrUo FO^, ppo 

Silica 

Sulfate 

Chloride 

Turbiiity*** 



0.8 



-100 



1.9 



ko 



2.2 



60 



Dirty, 
brown 



Dirty, Slightly 
brown milfcy, 
green- 
brown 

3.22 1.93 2.98 

31.0 13.0 

25.0 13.0 

23.0 X 3. 

ppmCNOj* KO and Ortho-PO arc 

PP MP EP 

6 -7 5.5 6.0 



XAKS 



Clear sfcy 

vara 


Hazy 
vara 


Hazy 
varm 


Hazy 
Vara 


16.0 


16.3 


16.9 


16.3 


3ioo 


2020 


2680 


4000 


7.5 


7 


6.6 


9 



*.7 



100 

Slightly 
allXy, 
light 
green 

2.50 



8.59 

227 
373.0 

35.0 
6l.«3 
5.00 
70 
ko 
15.0 



8.60 8.55 



1*0 

200.0 

16.0 

1*.5 

1.71 

36 

18.7 

8.0 



120 

160.0 

5.5 

3.35 

1.03 

27 
15.0 

5.85 



expressed as ppb.) 
LAKE 
7.5 

8.53 

105 
125.0 

8.0 
*.75 
O.92 
2> 
10.0 

2.85 
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**le 5c(l) Physical Data 

Station 

Weather 

Surface water 
temperature, *C 

Surface li£ht« 

Bottom depth (m) 

Max. depth of 
visibility (a) 

Corresponding 
light intensity 

Water color 



6 Koveriber ISO 



Mfifct tight 

»mta raia 



10.0 
1000 
6.6 

1.2 



12.0 
1020 
9 

*.5 



Percent of surface 
J light at disc depth 

Percent of river vatcr** 

in the atxing area (np,Ep) Surface 
Bottom 
Average 

Table 5c{2) Average Chemical Results, 

Station 

Dissolved 

a 
00 

Total Alkalinity as 

CaCO 

a 

^V** ppb 

KO^-N* PI* 

Ortho PO , ppb 

Silica 

Sulfate 

Chloride 

Turbidity*** 



50 - a> 

Dirty, Slightly 

yellowish rlliy, 

brown green 



1.96 



0.0 
22.0 
8.0 



EP{1) 
Kiddle 
height 
clouds 

12.0 

1*00 

9 

3.5 



67 

Dirty, 

yellowish 

green 



*.78 



0.0 
0.0 
0.0 



epC 2 ) lake 

Overcast, Overcast, 

fcazy,r.idd]e hazy, d0% 

lit., clouds sly cover 



12.0 
300 



Clear 
jyeen 



6.66 



0.0 
O.o 
o.o 



12.5 

200 



7.5 



Clear 
green 



2.25 



PPta (83^, »5 a and Ortho-PO^ are expressed as ppb.) 

» MP BP(1) EP (2) jakjj 

«-° 7.0 7.7 8.0 8.0 

no data 

«-52 8.48 8.56 8.53 8.50 



570.0 
32.5 
86.70 
8.10 
73 
*6-3 
10.% 



122 

151.6 

5.5 

».53 

1.73 

26 
1V.P 
3.73 



105 
150.6 
1.3 
2.*5 
0.81 
22 
11.6 
2.X 



110 
233.5 
4.3 
1.8J 
0.9) 
22 
10,8 
2,33 



109 
173.2 
3.8 
3.*0 
I.29 
22 
12 
3.1* 
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16 Much 1969 



■KMe 5d(l) Physical Data 

Station 

Heather 

Surface vater 
teBperaturc, *C 

Surface li£ht» 

Bottoo depth (a) 



Max. depth of 
visibility (at) 

Corresponding 
light in tensity 

Vater color 



Percent of srrface 
light at disc depth 

Percent of river vater** 

In the *ixi=s area. («?,&?) Cut face 
Bottom 
Average 

Table 5d(Sr) Average Classical Results 

Station 

Dissolved 

J? 

CO 
S 

PH 

total Alkalinity as 

CaCO 

HO^-It, ppb 

»o a -a* Pl*» 

Ortho K> , pj6 

Silica 

Sulfate 

Chloride 

IfcrMdity *** 



Clear sky Clear sky Clc*r sky Clouds start 
•un sun sun to appear 



4.2 
(5000 

6.6 
1.3 
105 



2.0 

7.5 
1.5 



2,0 
ChOO 
14.2 

853 



*.5 

2600 

19 
3.5 

250 



Green 


Dork 


Brown 


Milky 


brown 


green 


greun, 
ttll)<y 


green 



:l.75 



13.96 



46.'o 
42.0 



13.J« 

12.0 
19.0 
15.0 



9.61 



'* ppra C^» 3 / W g and Ortho-rO are expressed as ppb.) 

** HP EP IMS 

12.0 12.0 12.0 12.0 

bo data 

«.!*> 8.83 8.88 8.85 



190 


145 


140 


120 


7*8.0 


405.0 


240.0 


234.0 


19.0 


4.0 


3.5 


1.5 


107.3 


35.6 


17.8 


11.8 


7.27 


5.75 


6.00 


1.96 


61 


4i 


28 


24 


35.0 


22.5 


16.2 


11.3 


(J. 05 


4.5 


4.0 


2.35 
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**ol« 5c (1) Physical rata 

Station 

Weather 

Surface vater 
tenpcrature, # C 

Surface light* 

Bottom depth (m) 



Max. depth of 
visibility (a) 

Corresponding 
light intensity 

Water color 



Percent of surface 
light at disc depth 

Percent of river vatcr*» 

in the nixing area (:;p,EP) Surx'ace 
BotLoa 
Average 

Table 5e(2) Average apical Result: 

Station 

Dissolved 

2 

CO 

2 

pa 

Total Alkalinity as 

CaCO 

a 

■^-■j PI* 
*> 2 -»* PPb 
Ortho PO , ppb 
Silica 
Sulfate 
Chloride 
Turbidity *** 



17 April l$Cj 



PP 



MP 



Light rain 



heavy overcast foe, rain 

**0 9.0 

200 6$0 

** l4. 5 



Clouds, heavy Heavy 

f<>G 



0.5 



Dirty, yellow 
brown 



4.50 



1.5 



Clear 
brown 



9.23 

26.0 
0.0 
5-0 



4.5 
2CO0 
15.7 

2.9 

280 



LAKE 

Heavy 
fog 

4.0 

4200 

25 



350 



Greyish green, Creen 
dirty 



14.00 



0.0 
0.0 
0.0 



8.33 



', ppea (!K> a , 1.^ and Ortho-PO^ are expressed as p P b.) 
W » up ^ 

W *° 10 -7 1*. 5 12.0 



13.0 


4.0 


6.0 


6.0 


8.60 


8.83 


8.9a 


8.87 


I85 


143 


110 


123 


1066.0 


363.3 


260.0 


343.3 


30.0 
47.1 


8.6 
17.06 


6.5 
6..J5 


7.3 
9-93 


4.25 


1.62 


Uto 


2.03 


76 


35 


28 


30 


30 


14.2 


10.0 


14.2 


12.65 


6.06 


4.15 


5-53 
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*9 lHay 1969 



Table 5f(l) Physical Data 

Station 

Weather 

Surface water 
temperature, *C 

Surface light* 

Bottom depth (a) 



Max. depth of 
visibility (m) 

Corresponding 
light Intensity 

Water color 



Percent of surface 
lic!»t at disc depth 



pp 


MP 


EP 


LAKE 


Fair, no 
clcwds 


Few clouds 


(Hear sky, 
sun 


Blue sky, 
hazy sun 


19.0 


U.5 


10.5 


10.5 


2800 
6.6 


5000 
13 


5600 
16 


760O 
25 



0.7 



-90 

Dirty, 

yellov- 

brovn 



3.21 



105 

Yellowish- 
brova 



2.10 



*.5 



220 



Rather clear. Rather clear, 
yellowish- yellowish- 

green green 



Percent of river vater«* 

In the mixing area (XP,EP) Surface 
Botton 
Average 

Table 5f(2) Average Chemical Results, 

Station 

Dissolved 

a 
00 

st 
PH 

Total Alkalinity as 

CaCO 

K> 3 -«, ppb 

IPO -If, ppb 

Ortho PO , ppb 

Silica 

Sulfate 

Chloride 

Turbidity*** 



O.kk 



2.89 



2O.0 
0.0 
13.0 

PP* (N0 3 , r.0 g and Crtho- 

» MP 



7.5 
6.0 
6.80 

170 

485.0 

12.5 

39.4 

5.05 

58 

22.5 

8.2 



9.7 
4.0 
8.78 

117 
216.6 

4.0 
3.93 
1.26 

28 
11.6 
7.33 



0.0 
0.0 
J.O 

P-0^ are expressed as ppb.) 

EP LAKE 

10.3 10.3 

2 -7 2.7 

B -82 8.80 



I2i 
180.0 

5.3 
3.80 

0.95 
2 2 

10.5 
6.43 



115 
163.3 
1.6 
0.93 
O.67 
22 
10.0 
6.03 
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23 June 196? 



Table 5g(l) Physical tat* 

Station 

Weather 

Surface vater 
temperature, - C 

Surface light* 

Bottom depth (m) 



Max. depth of 
visibility (a) 

Corresponding 
light intensity 

Vater color 



Percent of surface 
light at disc depth 

Percent of river vater** 

In the mixing area (M?»EP) Surface 
Bottom 
Average 

Table 5g(2) Average Chemical Results, 

Station 

Dissolved 

2 

CO 

8 

PH 

Total Alkalinity as 

CaCO 

3 

UO -N, ppb 
HO -H, ppb 
Ortho TO , ppb 
Silica 
Sulfate 
Chloride 
Turbidity *** 



pp 


MP 


Uftht rain, 
mUt 


Foggy 


18.8 


15.9 


1000 


2000 


8 


11 


0.7 


1.8 


~1!50 


70 


Dirty brown 


Yellowish 
brown 



15.0 



3.50 



Stratus 
clouds 


Stratus 
clouds 


15.* 


13.1 


16O0 


22*0 


15 


SO 


2 


3.5 


*o 


170 



Rather clear Rather clear, 
ye How -brown greenish 



2.50 



7.58 



27.0 


20.0 


11.0 


6.0 


16.0 


13.0 



Pjk.i (NO , NO and Ortho-PO are expressed as ppb.) 
IP MP EP LAKE 



75 


9.7 


10.5 


10.0 


8.0 


3.3 


2.0 


3.0 


8.78 


8.7* 


8.7* 


8.79 


2]0 


132 


1*0 


120 


520.0 


160.0 


200.0 


130.0 


2i: 5 


*.6 


6.5 


2.5 


71. * 


5-6 


9-55 


0.*5 


6.37 


1.16 


l.*3 


0.66 


63 


20 


27 


2* 


26.3 


13.3 


12.5 


8.8 


!*.*:> 


6.1 


*.75 


3.5 
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25 July 1969 



Table 5h(l) Physical Data 

Station 

Weather 

Surface vatcr 
temperature, *C 

Surface light* 

Bottom depth (m) 



Max. depth of 
visibility (m) 

Corresponding 
light intensity 

Water color 



Percent of surface 
light at disc depth 



Percent of river water** 



Sun, vhlte 
cumulus clouds 



27.0 
7200 



0.6 



70 
Dark brown 



0.97 



KP(M 



KP(i) 



Clear sky Sun, few 
sun clouds 



123.8 

'#00 

Ik 



500 



20.6 
7*00 
15 

2.5 

550 



EP 

Clear sky 
run 

22.6 

10*00 

15 
2.7 



Olive brovn Yellowish 
green 



I85O 

Yellovish 
green 



8.92 



7.*3 



17-78 



Sun, few 
clouds 

22.% 

10*00 
31 

5.8 
650 

Clear 
green 

6.25 



in the mixing area 


(MP, 


P) 


Surface 
Bottota 
Average 


19.0 
18.0 
18.0 


13.0 
1.0 
1.0 


7.0 




Table 5h(2) Average Chenical Pesults, ppn 


(KO , V.0 


and Ortho -P0 

4 


are expressed 


*s ppb.) 


Station 






PP 


KP(*) 


MP(1) 


IP 


IAKE 


Dissolved 






10.5 


11.0 


11.0 


10.0 


9.7 


<*>« 






1.3 


0,0 


2.5 


1.6 


2.1 


PH 






8.91 


8,89 


8.81 


8.83 


8.77 


Total Alkalinity as 
















CaCO 

3 
HO -N, PPb 






217 
266.6 


138 
100.0 


130 
10^.0 


132 

U3.3 


127 

163.3 


KO -H* PP° 






2*.3 


8.0 


k.2 


2.3 


%o 


Ortho IO , ppb 






&.3 


0.95 


0.12 


C'.O 


0.76 


Silica 






2.01 * 


oM 


0.38 


0.53 


O.92 


Sulfate 






71 


30 


22 


26 


2k 


Chloride 






3*.2 


15.0 


10.1 


12.5 


10.0 


Turbidity*** 






12.55 


k.65 


3.7 


3.76 


k.o 
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29 August I969 



***>!« 51(1) Physical Data 
Station 

Weather 

Surface water 
temperature, # C 

Surface light* 

Bottom depth (m) 



Max. depth of 
visibility (m) 

Corresponding 
light intensity 

Vater color 



PP 

Stratus 
clouds, fog 

24.9 

1000 

8 

0.7 

70 



IMP 

;pog 

2h,2 
4«00 

9 
1.5 

550 



EP 

Fog 

23.2 
5200 
7 

3.5 

300 



LAKE(l) 

Light fog, 
sun 

23.7 

Woo 

16. 5 



70.3 



Dirty brown Yellow-brown Quite clear Green, 
yellowish- clear 



Percent of surface 

light at disc depth 7.00 

Percent of river water** 

in the Rixlng area £[P,EP) Surface 
Bottom 
Average 



Station 
Dissolved 

2 
CO 

2 

J>H 

Tctal Alkalinity as 

CaCO 

3 

l» a -K, ppb 

KO^-K, ppb 

Ortho PO , ppb 

Silica 

Sulfate 

Chloride 

TUrbidity*** 



7.;?9 



47,0 
52.0 
1*9.0 



green 
5.76 



0.0 

0.0 
0.0 



15.90 



IAKE(2) 
Light fog 

23.8 
2000 

26 



350 



Milky 
green 



17.50 



suits, ppa 


lira , no and 

3 2 


Ortho-PO 

4 


are expressed as 


PPb.) 


PP 


MP 


EP 


LAKE(l) 


LAKE(2) 


4.3 


7.0 


9.3 


9.3 


9.0 


12.0 


5.3 


2.0 


O.iS 


2.5 


8.79 


8.80 


8.80 


8.80 


8.79 


197 


147 


110 


1131 


111 


33.3 


56.6 


%.6 


22.5 


100.0 


4.3 


5.0 


0.6 


3.7 


2.5 


62.1 
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Table 9(&) Coefficients (£) of Selected Regression Equations. 
Dependent variable (y)s Cyclotella nenephinian a v. plana 









Station 




Independent 
Variable (x) 


?P 


MP 


EP 


LAKE 


Month 


1552.3** 


263.7** 






Depth 








-27.9* 


Relative Depth 




905.6* 


201.1* 


2*0U. 1* 


Alkalinity- 




33.2* 




11.9* 


Chloride 


-2UT.i+** 




91.3** 


93.6** 


co 2 










Light 




.187** 


.117** 




N0 2 -N 




17717 


19976 




NO -N 




-3865.5** 




-131 1*. 7 


°2 


710.2** 






-79.9 


PH 










Ortho-PO. 


1*0.27* 


-39.61*** 






Silica 


-522.1*1*** 




-173.73** 




Sulfate 




60.75 


12.1*9 




Temperature 




-113.1*3* 




-11.53 


Turbidity 




23^.57** 




1*2.73 


Time 










Constant a 


--792.57 


-7020.69 


-1307.51 


-1256.33 


R 2 


.80 


.88 


.90 


.61 


F 


10.85** 


10.53** 


28.53** 


1*.52** 


No. of variables 
in the equation 


i 5 


10 


6 


8 


d.f. for error 


12 


H* 


18 


23 



Significance at 5 percent level? at 1 percent level. 



-kQh- 



Table 9(b) Coefficients (p) 
Dependent variable (y): 



of Selected Regression Equations. 
Mcloslra rr ami lata v. angustissima 







Station 




Independent * 
Variable (x) 


PP 


MP 


EP 


LAKE 


Month 


-1*77.5 


1527.1* 


l$8i.Q 




Depth 








-17.06 


Relative Depth 


-1371.03* 


171.68 




388.70 


Alkalinity 


15.97 




10.95 


8.75 


Chloride 


-1*6.6**** 






79.11** 


co 2 










Ligfrt 


- .299* 




.639* 


.229 


N0 2 -N 


115127* 


27189 






NO -N 


-1*535.5* 


-I958.7 


301*8.5 


. -23**7* 


°2 




1^6.61*** 


209.50* 


-7^5 


PH 




-1*511.15* 


-838.13 


-152.69 


Ortho-P0, 


31.52* 


-3**. 57** 


-17.82 




Silica 


-159. 1*6 


200.01 


1^3.10 




Sulfate 




92.78* 


2^.03 


22.85 


Temperature 




-66.18 


-1*3.56 


-21.43 


Turbidity 


39-16 


192.18 


■81.U6 




Time 


29.51* 


-85.17* 


-71*. 63 




Constant a 


3889.1*2 


26995.60 


-2i*57. 1*6 


331.95 


R 2 


.92 


,87 


.83 


.6h 


F 


7-75** 


6„73** 


1*.87** 


3- 71*** 


No. of variables 
in the equation 


11 


12 


12 


10 


d.f. ^or error 


7 


12 


12 


21 



Significance at 5 percent level; at 1 percent level. 



-1*85- 



Table 9(c) Coefficients (p) of Selected Regression Equations 
Dependent Variable (y): Mclosira gr aim lata 



Station 



Independent 
Variable (x) 


PP 


MP 


EP 


LAKE 


Month 








223.9* 


Depth 




31.1* 






Relative Depth 


-hoi.k 






112.8* 


Alkalinity 


-6.10 


9.27 






Chloride 


-11.32 


32.22 




30.91** 


co 2 


99.6** 


126. 31*** 






Light 








.863 


N0 2 -N 


1*3936.1** 


-361*11.9 






NO -N 


-21*19.7** 


-2236.5** 


1079.9* 


-161*0.1* 


°2 




-32.1*9 




1*8.67 


pH 




1923.8 


-132.6 


6.16 


Ortho-PO. 


17.39** 


-23.31** 




ll*.7l** 


Silica 




329.91*** 




-61.27 


Sulfate 








2. 91* 


Temperature 






19. ^ 3** 


-23.29** 


Turbidity 


11.6 


12 1* „32* 






Time 




11*. 21* 




-11.66* 


Constant a 


865.21* 


-191*56.85 


865.OO 


-1296.12 


R 2 


.81* 


.91* 


.1*2 


.77 


F 


6.1*3** 


15.79** 


5.07** 


5.U** 


No. of variables 
in the equation 


8 


12 


3 


12 


d.f. for error 


10 


12 


21 


19 



Significance at 5 percent level; at 1 percent level. 



-1*86- 
Table 9(d) Coefficients (p) of Selected Regression Equations. 
Dependent Variable (yj: Bacillariophyta 







Stat 


ion 




Independent • 
Variable (x) 


?P 


MP 


KP 


IAKE 


Month 


1811,6** 


mi*. o*# 


6607.5* 




Depth 




11*5.3* 




-1*1*. 09 


Relative Depth 








620.81* 


Alkalinity 




1*0.8 


-1.66 


29.5** 


Chloride 


-710-1*** 


-35.8 


153.3 


301.8** 


co 2 




559.51*** 






Light 


- .301 




.1*00** 




NO -N 


1371*67* 






l*722l* 


N0 3 -N 




-1007 I ».08* 




-3518.97 


°2 




793.9* 


627.9* 




PH 










Ortho-PO, 


127.1*7** 


-100.57** 


-112.22* 




Silica 


-1316.1** 


2038.1** 


1062.03* 




Sulfate 


153.85 




113.90 




Temperature 






-1*52.27* 


-116.50** 


Turbidity 




992.1*5** 


379.86* 




Time 






-373.36* 




Constant a 


1*212.75 


-2^*387. 26 


-21^.86 


-331*8.96 


R 2 


.81* 


.82 


.76 


.80 


F 


8.55** 


6.51** 


3.88* 


13.92** 


No. of variables 
in the equation 


7 


10 


11 


7 


d.f. for error 


11 


ll* 


13 


21* 



Significance at 5 percent level; at 1 percent level. 



-487- 
Table 9(e) Coefficients (?) of Selected Regression Equations 

Dependent Variable (y): Total algae 







Stat 


ion 




Independent 
Variable (x) 


PP 


MP 


EP 


IAKE 


Month 


235** 


1616.1** 


10551.7* 


-71.8 


Depth 


1*305 


1U6.9 


-98.6 


-1*1*.2 


Relative Depth 


-3l66l 






636.9 


Alkalinity 


3k. k 


1*0.9 


-8.6 


21.1* 


Chloride 


-677** 






331.1** 


co 2 


81.2 


806.2** 


-300.3 




Light 


- .517 


.121 


.268 




NO -N 


356152 




11*622 


51*022 


NO -N 


-9006 


-13729** 


--I608 


-3550 


°2 




^75 


1225* 




pH 


25193 


11001* 






Ortho-PO. 




-97. 7**** 


-151.33* 




Silica 


-1511.7* 


221*2.9** 


1507.30 


-239.93 


Sulfate 






260.5 




Temper at lire 


-681*. 7* 


-122.1* 


-716.1** 


-119.7** 


Turbidity 




992.1** 






Time 










Constant a 


-19629I*. 10 


-II9515.58 


-50523.26 


-1527.81 


R 2 


.9* 


o9l* 


.80 


.82 


F 


8.02** 


16.03** 


2.99* 


11.13** 


No. of variables 
in the equation 


12 


12 


Ik 


9 


d.f. for error 


6 


12 


10 


22 



Significance at 5 percent level; '* at 1 percent level. 



